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specifications 


Long experience in the 
production of wrought light 
alloys has enabled us to meet 
the new high standard 
demanded in the field of 
nuclear engineering. 


Birmetals manufacture 
magnesium and aluminium 
alloys in the form of sheet, 
strip, plate, tube, wire, rod and 
bar, extruded sections and 
forgings to all U.K.A.E.A. 
specifications. 


‘Birmetals 


Our experience 
is at your disposal. 


BIRMETALS LIMITED - WOODGATE WORKS - BIRMINGHAM 382 
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Test its STRENGTH 


NEWTHERM is unusually strong and 
rigid —a feature of special importance 
in the larger, more vulnerable sections. 
Put a sample section or slab on part of 
your plant and prove for yourself its 
outstanding ability to withstand impact 
and water damage. See how it with- 
stands rough handling in transit and 
erection, minimising breakage in ship- 
ment and erection by unskilled labour 
at the most remote sites. 


Test its MOISTURE RESISTANCE 


Even totally immersed in water, 
NEWTHERM retains much of its 
strength and rigidity. It does not become 
deformed when incontact with water, thus 
work-in-progress need not be covered. 
Especially on contracts where weather 
conditions would delay the application 
of insulation— NEWTHERM is the 
material to use. 


Test its LIGHTNESS 


Unusually light for such a high- 
efficiency material, NEWTHERM 
compares favourably in this respect 
with other insulants far inferior in 
strength. That meanseasier handling and 
fewer breakages—even thelargest section 
is easily carried in one hand. 


NEWALLS (Reg’d Brand) 


NEWTHERM siticate incutation 


for temperatures up to 1400°F. 


Test its EASE OF APPLICATION 


Undoubtedly, NEWTHERM is one of the easiest of 
materials to apply. It is supplied in plastic form and ina 
wide range of standard-sized sections and slabs, smoothly 
finished and straight edged for immediate fitting. The 
finished job is very neat, with minimum joints, and 
appliers particularly appreciate the handleability of the 
material — especially in difficult situations. 


READ ALL ABOUT NEWTHERM 


in a specially prepared booklet. Sizes, 
compressive strength, thermal conduc- 
tivity,—this and much more useful 
information can be on file if you write 
for your copy now, to the sole manu- 
facturers Newalls Insulation Co. Ltd. 


NEWALLS INSULATION CO. LTD. 


Head Office: WASHINGTON, CO. DURHAM, ENGLAND. 
A member of the TURNER & NEWALL ORGANISATION 

Offices & Depots at: LONDON, GLASGOW, MANCHESTER, NEWCASTLE 

UPON TYNE, BIRMINGHAM, BELFAST, DUBLIN,BRISTOL & CARDIFF. 


Agents and Vendors in most markets abroad. 
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WIN THE BATTLE OF THE BURR... 


-- BY USING 


BUILT UNDER LICENCE FROM B. O. MORRIS LTD. - BRITON ROAD - COVENTRY 
HAMMOND MACHINERY BUILDERS INC. U.S.A. Telephone: 53333 (PBX) Telegrams: MORISFLEX, COVENTRY. 
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Evershed flow or differential pressure 
transmitter, Type ER. 125, designed for 
accurate measurement and to give reliable 
service under the most exacting 
conditions. Suitable for oil, viscous or 
corrosive fluids, water, steam or gases. 


Where measurements 


matter most — You will find 


EVERSHED 


instruments 


Evershed simple analogue computer, 
Type ER.92. A computing device for the instan- 
taneous and continuous solution of equations 
occurring in the day-to-day operation of process 
control, boiler control or the control of gas 

or fuel flow systems. 


INSTRUMENTATION DIVISION EVERSHED & VIGNOLES LIMITED 


ACTON LANE WORKS* LONDON W.4 ©°< Telephone: Chiswick 3670 Telegrams & Cables: Megger London Telex 22583 
7/136. 
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FROM LAUNCHING 


SHIPS 


wees 


TO LAUNCHING] = 


PROTONS 


In the Eighteenth Century when nuclear physics was an unexplored world, our 
*Parent Company launched many of our famous sailing ships. In 1959 our +Associate 
Company is launching carriers through the most advanced type of fully automatic 


pneumatic tube systems 


yet known to modern industry. In 1961, our electrical and 


electronic control equipment will direct the launching and acceleration of Protons in 
the huge 7GeV Proton Synchroton at Harwell. Successive generations of craftsmanship 
make such a diversity of achievement possible and available to Industry 


c&N 


(ELECTRICAL) LTD 


THE GREEN - GOSPORT - HANTS 


CAMPER & NICHOLSONS LTD TELEPHONE DIALLED DESPATCHES LTD 
* THE GREEN <« GOSPORT GOSPORT THE GREEN ~* GOSPORT T 
HANTS 80221-5 HANTS 


EXECUTAIR 


Specialists in executive 
transportation 


TIME IS MONEY—YOUR MONEY! 


Avoid the delay and danger of 


congested roads, fly safely, swiftly and in comfort to your 


construction site, depot or factory 


For longer journeys utilise our integrated helicopter/fixed wing service 


Further details available from : 


Head Office: Stone Court, Smallfield Rd., Flying Base: Elstree Aerodrome, 


Horley, Surrey. 
Tel: Horley 3652 


Elstree, Herts. 
Tel: Elstree 3951 
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REMOTE READING DRAUGHT GAUGE 


For accurate Re- 
mote Indication 


ABSOLUTE PRESSURE 
GAUGE. Type No. AI.101 


, y manufactured in mm. Hg 
lute, ranges for the Atomic Energy, 

of very low accur- 
acy, Barometrically and Temperature 

all compensated 


SCIENTIFIC 


SENSITIVE LOW RANGE 
PRESSURE GAUGES 


SENSITIVE DIFFER- 
ENTIAL PRESSURE 
ay SWITCH 


For control of 


POSITION 

INDICATORS 

For coarse or fine indica- 

tion of linear movement. 
incorporate Veeder 


Root counter and setting flow 
device for special appli- sitive an pressures or 
cations. urate, lowest of work. 


span —1” 
to +1°H,0O. 


MINIATURE PRESSURE 


MINIATURE PRESSURE GAUGE. Type No. AI531. 


GAUGE. Type No. AI.440.E. 


Ranges 
4006 


Direct Remote Read- 


) p.s.i. 
— 0 2 S.i. ing versions available. 
Appleby & Ireland Limited are Working Pres jot te te 


only .850” diameter. 


proud to display these instruments 
for Nuclear applications, particu- 
larly those supplied for the Calder 
Hall project. 


“REDIFF” REMOTE READ- 
ING PRESSURE GAUGE 


Suitable for measurement of Differ- 
ential, vacuum, absolute pressure, 
positive pressure, flow or tank Con- 


We also supply electrical, gas. 
aviation, shipping, and many other 
major industrial plants with speci- 


alised instruments. 


TANK CONTENTS 
GAUGE 
EQUIPMENT 


Remote Indication of 
Liquid level. 


SENSITIVE MULTI-TURN 


BASINGSTOKE 
H A P H R Extremely accur- 

ate + 1%o0r4% 
Teleph : Basingstoke 2510/1/2/3 upon special re- 


quest, various 
ranges and sizes 
available. 


Telex ; 8546 
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Wife, three c 


hildren’ 
and 584ft. of piping 
to support 


And if he is as devoted to his job as he is to his family he will ask 
Vokes Genspring to help him with the pipe support problem. The 
new ‘M’ range hangers are the result of long practical experience 
and field research. They are designed to provide a constant support 
for high temperature pipework over a wide range of vertical 
movement, thereby eliminating the dangers of increased stresses in 
the system and consequent joint failures and other troubles. 

To ensure accurate loading over the full range including overload, 
every Genspring is individually checked on one of our special 
test rigs for which the strain gauges were calibrated by the National 
Physical Laboratory. Maximum deviation can now be guaranteed at 
not more than 2% if required. Test Certificates are available at time oe geet 
of despatch and revised settings will be supplied if further adjust- ede ces 
ment on site is required, this adjustment can be up to 20% of rated : ead , gts ae 
load. 

Please write for catalogue covering the ‘M’ range Constant Support 
Hangers. Load and travel characteristics are tabulated in this 
booklet together with much additional information including a 
section on determining hanger loads. 

Catalogues are also available detailing Genspring Variable Support 
Supports, and Genspring Sway Braces for eliminating shock and tion to the range — Type M7 loads from 315 Ib. to 22,500 Ib. 
vibration. for loads of 97,800 1b. max. and travels from 1.5” to 12”. 


Vokes Genspring SUSPENSION SYSTEMS 


VOKES GENSPRING LTD ° HENLEY PARK ° GUILDFORD °- SURREY 

Telephone: Guildford 62861. Telegrams & Cables: Vokesacess, Guildford, Telex. Telex: 13-535 Vokesacess, Guildford 
A member of the VOKES Group with world-wide representation. 
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PROGEEDINGS OF THE 
SECOND UNITED NATIONS 
INTERNATIONAL GONFERENGE 
ON THE PEACEFUL USES OF 
ATOMIC ENERGY 


Geneva, September, 1958 English Edition 
33 VOLUMES 


NOW AVAILABLE 


Vol. 1 Progress in Atomic Energy—S25 pages $4. 9. Ostg. 
» 33 Index of The Proceedings $5.18. Ostg. 


NUCLEAR MATERIALS 
Vol. 2 Survey of Raw Material Resources— 


846 pages $6.12. Ostg. 
3 Processing of Raw Materials—612 pages $5. 6. Ostg. 


4 Production of Nuclear Materials and 


Isotopes —644 pages $5.18. Ostg. 
» 5. Properties of Reactor Materials 
—627 pages $5. 0. Ostg. 
REACTORS 
Vol. 6 Basic Metallurgy and Fabrication of 
Fuels—720 pages - $6. 9. Ostg. 
7 Reactor Technology—858 pages $7. 0. Ostg. 


8 Nuclear Power Plants, Part I—5S84 pages $5. 0. Ostg. 
9 Nuclear Power Plants, Part II—538 pages $6. 5. Ostg. 


10 Research Reactors—548 pages $6.12. Ostg. 
, Il Reactor Safety and Control—608 pages $5.11. Ostg. 
, 12 Reactor Physics—774 pages $6.12. Ostg. 


13 Reactor Physics and Economics 


—635 pages $6.12. Ostg. 


PHYSICS 
Vol. 14 Nuclear Physics and Instrumentation 


—492 pages $6. 0. Ostg. 
15 Physics in Nuclear Energy—476 pages $4. 9. Ostg. 


16 Nuclear Data and Reactor Theory 


—744 pages $6.12. Ostg. 
», 30 Fundamental Physics—342 pages $3.15. Ostg. 


Processing Irradiated Fuels and Radio- 


active Materials—709 pages $6. 9. Ostg. 


,. 18 Waste Treatment and Environmental 


Aspects of Atomic Energy —624 pages $5.18. Ostg. 


19 The Use of Isotopes: Industrial Use 


—366 pages $4. 9. Ostg. 
20 Isotopes in Research—296 pages $3.11. Ostg. 


7 28 Basic Chemistry in Nuclear Energy 


—686 pages $6.12. Ostg. 
29 Chemical Etfects of Radiation —475 pages $5. 4. Ostg. 


BIOLOGY AND MEDICINE 
Vol. 21 Health and Safety: Dosimetry and 


Standards—249 pages $3.15. Ostg. 
22 Biological Effects of Radiation 
—552 pages $5. 4. Ostg. 
23 Experience in Radiological Protection 
—468 pages $5. 4. Ostg. 
24 Isotopes in Biochemistry and Physiology, 
Part I—308 pages $3.19. Ostg. 
25 Isotopes in Biochemistry and Physiology, 
Part Il—312 pages $3.19. Ostg. 
» 26 Isotopes in Medicine—460 pages $4.12. Ostg. 
» 27 Isotopes in Agriculture—455 pages $5. 0. Ostg. 


CONTROLLED FUSION 
Vol. 31 Theoretical and Experimental Aspects of 


Controlled Fusion—390 pages $5. 6. Ostg. 
» 32 Controlled Fusion Devices—462 pages $5. 6. Ostg. 


Abridged French and Spanish editions (13 volumes each) now in preparation 


For further information consult your bookstore or: 

UNITED NATIONS 


Brochures available on request 


Vol. 
iV CL EA Ft 14 
No. 
140 
JANUARY, 1960 
CONTENTS 
PAGE 
Advanced Water Reactor Systems—Three 
Designs by Westinghouse... 
Neutron Project, Harwell 


Design of Large Gas Ducts. by A. T. Bowden, 
BSc,andJ.C. Drumm, BE... 


Reactor Simulator—Vickers Mark I and Core 


Isotopes in Holland, by F. R. Paulsen, BSc, 


Institution of Nuclear Engineers— Members and 


Training N-Scientists in Australia, by L. C. 


People in the N-News .. 
Nuclearist Writes hs 40 


Contributors are invited to submit material for editorial con- 

sideration. Any matter which is required to be returned, 

should it prove unsuitable, should be accompanied by a stamped, 

addressed envelope. The Editor, to whom all contributions 

should be addressed, cannot accept responsibility for loss or 
damage to any material. 


Subscriptions 


Sterling Area :—12 monthly issues 42s. Od. 
(including postage) 


Americas :—$10.00 


Other Countries :—As Sterling Area 
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A special project, being the result of 
special thought, demands a careful choice 
of materials. The four cooling oil jackets 
- of the R.F. particle accelerator—part of 
fy pecial the 7 GeV proton synchrotron sited at 
the Rutherford High Energy Laboratory, 
. Harwell—have to be structurally strong 
Project but non-magnetic. Each has to carry 
3,000 Ibs of ferrite core in oil at 9 p.s.i.g. 
The choice was glass cloth/epoxy resin 
laminates moulded by Marston. 
Marston’s experience proves that reinforced 
plastics, used appropriately, are better, 
cheaper and weight-for-weight stronger 
than equivalent constructions in metal. 
And they combine resistance to fire and 
corrosion with electrical and thermal insulation. 


Reinforced plastics could solve your design problem 
—why not consult us now ? 


MARSTON EXCELSIOR LTD 


(A subsidiary company of Imperial Chemical Industries Limited) 


FORDHOUSES, WOLVERHAMPTON 


MAR.271 
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Vokes now offer flame-proof 
filter panels 


which fully meet U.S. Atomic Energy Commission, Bulletin 80 28/7/58 
and current requirements. 


Vokes filters are playing an important part in the vast 
programme of nuclear development both in the 
United Kingdom and many overseas countries. A 


vital contribution was the introduction of the Vokes 55 
‘Absolute’ filter range which deals with dangerous 
dust particles in the 0.1 to 0.§ micron range and has a 
methylene blue dust cloud test efficiency in excess of 
99.95% ... a contribution still further increased 
by the addition of ‘Absolute’ types for applica- 


tions where flame-proofconstructionis required. 
High Temperature panels are also available for use 
where operating temperatures as high as 1,000°F. 


are prevalent. 


and remember...... 


Initial efficiency of 99.95%, against a 
standard methylene blue test cloud 
in the 0.1 to 0.§ micron range is 
guaranteed. Efficiency rises with use. 
Every Vokes ‘Absolute’ filter is fully 
and individually tested before despatch 
and is unreservedly guaranteed. 

Our engineers will be glad to give you 
full details of the Vokes flame-proof 
and high temperature ‘Absolute’ filters 
and to discuss your particular problem 
with you, in order to ensure maximum 
safety operation. 


VOKES LIMITED - GUILDFORD - SURREY 


Tel: Guildford 62861 (6 lines) 
Grams. & Cables: Vokesacess, Guildford. Telex. 
Telex : 13-535 Vokesacess, Gfd. 


VOKES AUSTRALIA PTY. LIMITED, SYDNEY REPRESENTED THROUGHOUT THE WORLD 
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ADVANCED WATER REACTOR 


THREE 


NGINEERS of Westinghouse 
Electric Corporation,  Pitts- 
burgh, have recently completed 
design studies of three new advanced 
water reactor systems for power 
production. Two of the systems 
could be applied to large-scale econo- 
mic stations almost immediately, or, 
at least, in the very near future, and 
appropriate working data has been 
worked out for them. The third 
system would have to be tried out in 
a prototype plant before any full- 
scale plant could be planned; its 
exponents, however, believe it will 
prove to be the most practical 
reactor system in the power industry 
during the next half-century. 
Westinghouse have considerable 
experience in the field of water 
reactors, being responsible for the 
design and development of the 
pressurized water reactor system used 
in the Shippingport experimental 
power station and various U.S. Navy 
submarines. They have also designed 
and built the reactor for the recently 
completed 134 MW(e) Yankee power 
station at Rowe, Massachusetts. 
Overseas, the company have been 
responsible for the 11.5 MW(e) 
PWR at Mol, Belgium, and they 
have the SELNI contract for a 
160 MW(e) PWR plant in Italy. 


Types Investigated 


Of the basic water reactor systems 
already investigated and found prac- 
tical, several variations are available. 
The first of these is the closed cycle 
or pressurized water reactor. In 
this system, water under pressure 
circulates through a primary loop, 
picking up heat in the reactor and 
giving it up in a heat exchanger to a 
secondary system that generates 
steam. This system has a wide range 
of application—from 1 MW to 400 
MW. It is the easiest type to control 
and the most stable that can be built. 

The second major division of the 
natural water systems is the direct 
cycle type, where steam from the 


SYSTEMS 


DESIGNS BY WESTINGHOUSE 


reactor is piped directly to the tur- 
bine. In one such reactor, called the 
direct cycle natural circulation sys- 
tem, the incoming water passes 
through the reactor core forming a 
steam-water emulsion. Steam-water 
separation is accomplished inside the 
reactor; steam goes on to the tur- 
bine, is condensed, and re-enters the 
reactor. The difference in density 
between the steam column in the 
core and the water column outside is 
sufficient to cause natural circulation 


_ in the steam-water loop. This system 


has excellent application in the small 
power ranges from 5 MW to 50 MW. 
However, because of water flow 
characteristics and steam separation 
problems, it takes a very large core 
to produce sufficient heat. 


Improving Efficiency 

To overcome this difficulty, forced 
circulation of the water can be intro- 
duced. This brings about higher 
nuclear efficiency and increases the 
hydraulic stability of the reactor. 
Capital costs are increased, of course, 
but the range of this system is pushed 
up to about 150 MW. In this size 
plant, the forced circulation system 
has excellent prospects. 

The combination of the direct 
cycle and closed cycle system is 
known as the dual cycle. In one leg 
of the system which is operated as a 
direct cycle loop, steam is carried 
directly from the top of the reactor 
to the turbine and then back to the 
reactor after it condenses. Mean- 
while, a second leg is operating on 
the closed cycle basis with heat from 
the reactor being transferred first to 
a heat exchanger which generates 
steam for the turbine. 

In the direct cycle end of this 
system the steam and water are 
separated outside the reactor; this 
steam goes to the high pressure end 
of the turbine. The lower pressure 
steam from the closed cycle end 
enters the turbine in its low pressure 
range. The power range of the dual 


cycle plant is from 150 MW to 300 
or 400 MW. This system has higher 
power density than the other two 
but also higher capital costs. There 
is also the problem of possible con- 
tamination of the entire primary 
system including the turbine genera- 
tor unit. Since it requires a compli- 
cated turbine and control system, 
this system increases in cost to the 
point where there is little difference 
between it and a straight closed cycle 
plant. 

For the larger plants it is important 
to determine which of these two 
systems has the greater present and 
long-range potential. To establish 
this comparison a number of parallel 
technical and economic studies have 
been made for closed cycle and dual 
cycle plants up to 300 MW. The 
power costs for the closed cycle and 
dual cycle plants are essentially 
identical over the range of applica- 
bility. The saving in heat exchanger 
capacity for the dual cycle plant is 
almost offset by the reduction in 
piping and other components for the 
closed cycle plant. 

Where economics are comparable, 
the choice clearly goes to the closed 
cycle system. This is dictated by 
advantages in the important areas of 
operation and maintenance. 


Superheating Next Stage 


One of the most effective ways of 
improving the efficiency of the water 
reactor type and so reducing the 
mills/kWh cost is to superheat the 
steam as it comes from the reactor 
to bring it up to modern steam tur- 
bine conditions. Superheating is 
then, a significant part of the several 
specific recommendations included in 
the three new systems developed by 
Westinghouse. 

The first of these systems is called 
the Combination Plant—because it 
uses both nuclear and fossil fuel. It 
was designed around a modern, 
currently available turbine and the 
steam conditions it requires. The 


nuclear reactor and superheat-reheat 
system was then designed to meet 
these conditions. 

The turbine, rated at 225 gross 
MW, can essentially be ordered from 
the catalogues. Steam inlet con- 
ditions at the first stage are 1,800 
Ib/sq.in. at 1,000°F., with reheat 
temperatures of 1,000°. These con- 
ditions can be achieved using a 
direct cycle system. 


Fossil-Fired Superheater 

The next step is superheating to 
1,000°. A superheater using nuclear 
fuel could be designed for this pur- 
pose, but this second reactor would 
have a whole new set of problems to 
be solved and would be prohibitive 
economically. The most realistic 
and available solution is to use a 
fossil-fired superheater. In addition 
to superheating steam before it goes 
to the first stage of the turbine, the 
superheater is used to reheat steam 
to 1,000°F. after it passes through 
the first section, and before it is fed 
back into the second section of the 
turbine. 

Figure | shows the general operat- 
ing principle and main components 
of the combination plant. In the 
core of the reactor, water circulates 
and boils at 2,115 lb/sq.in., dry and 
saturated. Canned motor pumps 
circulate the water through the core. 
A steam separating drum located in 
the loop between the reactor and the 
superheater separates water from the 
steam and ensures that only steam is 
passed on to the superheater. The 
water collected at the separating 
drum is returned to the reactor cycle. 
The steam from the superheater at 
1,800 Ib/sq.in. and 1,000°F. passes to 
the first section of the turbine. After 
passing through both stages of the 
turbine, the steam is condensed and 
returned to the reactor. 


Reactor Details 


The vital statistics proposed for 
this plant are as follows: the 34-ft 
high reactor vessel is 9} ft in inside 
diameter, and its walls are of 8-in. 
thick carbon steel with 4-in. stainless 
steel lining. The core of the reactor 
is fuelled with about 264 tons of 
uranium fabricated into small pellets. 
This uranium is enriched to about 
2 per cent. 

The superheater with its auxiliary 
equipment stands 146 ft high and is 
76 ft x 65ft in rectangular dimen- 
sions. This superheater can be fuelled 
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rill 


Fig. 1—An economic plant using this system could be built immediately, state Westinghouse 


with either oil, gas or coal—the choice 
depending on_ individual utility 
economics. 

The nuclear portion of the plant 
contributes about 300 MW(t) and 
the superheater about 220 MW(t) to 
the net power output of the plant. 
Together, they would produce an 
electric gross output of 225 MW. 
The total heat rate of this plant 
would be 9,040 B.t.u./kWh, net. 


Immediate Application 

Work towards construction of this 
plant could be started immediately, 
and could be in operation four years 
from the date of the contract. 


Data for 225 MW Gross Combination Nuclear Power Plant 


Power Rating 


Net, electrical 215 MW 
Reactor contribu- 
tion... .. 60 per cent. 
Superheater con- 
tribution 40 per cent. 
Turbine Generator 
Operating pres- 
sure .. 1,800 Ib/sq.in. gauge 
Operating tem- 
perature 1,000°F/1,000°F. 
Type Tandem compound 
triple flow 


Recirculating Pumps 
Number .. 
Design pressure .. 2,500 Ib/sq.in. abs. 
Flow, gal/mineach 12,500 


Superheater and Reheater Unit 
Type ue Pressurized furnace 
Overall dimen- 
sions 


.. 146ft x 76ft x 65 ft 


Feasibility studies indicate solutions 
to the major technical problems pre- 
sented by this plant-type. In the area 
of control, for example, it was found 
that the 2,000 Ib/sq.in. open cycle 
reactor would be easier to control 
than one at 1,000 Ib/sq.in. 

As with any open cycle plant, 
there is the problem of possible 
oxygen corrosion in the condensing 
stages of the turbine. But in this 
plant, studies indicate, because of the 
high initial reactor pressure and the 
superheat cycle, the oxygen concen- 
tration is only about | per cent. of 
that in 1,000 1b/sq.in. dry and 
saturated steam plant. 


Fuel Assembly 
Type 2 .. Rod bundles 
Fuel materia! .. UO, 
Clad material .. Zr-2 or stainless steel 
Fuel an .. Pellets 


Reactor Vessel 


Material . . Carbon steel with 
stainless steel clad 
Design pressure .. 2,500 Ib/sq.in. abs. 
Inside diameter .. 9 ft 3 in. 
Overall length c. 34 ft 
Thermal and Hydraulic 

Operating tem- 

perature Dry and saturated 
Reactor operating 

pressure 2,100 Ib/sq.in. 


Steam Separators 
Number .. 
Design pressure .. 2,500 Ib/sq.in. abs. 
Inside diameter .. 78 in. 

Overall length .. 21 ft 
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Finally, the question of controlling 
the reactor and superheater together 
appears to be difficult, but feasibility 
studies suggest several solutions. 

Now to economics. As a set of 
ground rules, the figures are based 
on a 90 per cent. load factor; 12.5 
per cent. annual charges; fossil fuel 
costs of 30 cents per million B.t.u.; 
and plutonium credit of $12/gm, and 
0.5 mills for indirect costs. 

Under these conditions, the direct 
cycle nuclear power plant with fossil- 
fired superheat and reheat will pro- 
duce electric power for 7.3 mills/ 
kWh. These costs break down as 
follows: 3.4 mills in capital invest- 
ment; 2.7 mills for fuel; 0.5 mills 
for indirect costs, and 0.7 mills for 
operation and maintenance. The 2.7 
mill fuel figure is based on current 
costs and using 30 cents/million 
B.t.u. oil in the superheater, which is 
good average. Coal might cost less 
in itself but the attendant capital 
investment in rails, storage, ash 
disposal, etc., would bring the actual 
cost to about the same figure. 


Fossil Fuel Costs 


It is important to note that fossil 
fuel costs affect the total power cost 
estimates of the combination plant. 
Naturally, as fossil fuel costs rise, the 
economical advantage of this plant 
over totally fossil-fired plants will 
become less distinct. Specifically, at 
40 cents/million B.t.u., power cost 
on the combination plant will rise to 
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7.7 mills/kWh; at 60 cents to 8.6 
mills/kWh. This may seem at first 
to be a disadvantage, but compare it 
to the estimates of the rise in power 
costs on a completely fossil-fuelled 
plant. At 30 cents/million B.t.u., the 
average cost/kWh is 6.6 mills; at 40 
cents, 7.4 mills. But at a fossil fuel 
cost of 60 cents, the power cost is 
9.2 mills, and from then on the gap 
widens rapidly. 


A Stage Ahead 


The fundamental superheat con- 
cept, namely, obtaining more power 
from each Ib of steam, is responsible 
for the combination plant and it 
leads to Westinghouse’s second 
recommendation — the _all-nuclear 
plant with integral superheating. In 
this plant, called the Integral Boiling 
and Superheating Reactor, the water 
is both boiled and then superheated 
within the reactor core. No separate 
unit for superheating is required. 
This plant is farther in the future 
than the combination plant; 
Westinghouse engineers envisage a 
full-scale plant of this type to be 
operating in 1975. 

The operating principle of such a 
reactor type is shown in Fig. 2. A 
number of pressure tubes is inserted 
into the centre and around the peri- 
phery of the centre of the reactor, 
which is essentially a large block of 
graphite. Smaller rods holding the 
nuclear fuel are inserted into each 
pressure tube, and between these 
small fuel rods there is enough room 


INTEGRAL BOILING 


Fig. 2—A thorough research and development programme would have to be carried cut on 
this system before it could be applied to a large-scale plant 


Power Rating 
Net, electrical 
Fuel Assembly 
Type ne. 
Fuel material 
Core Design 
Number of pres- 
sure tubes, total 
Number of tubes, 
superheat region 
Number of tubes, 
boiling region. . 
Pressure tube de- 
sign condition 
(superheat re- 
gion) .. 


Pressure tube de- 
sign condition 
(boiling region) 


Reactor Tank 
Design condition 


Material . . 
Outside diameter 
Wall thickness .. 
Steam Conditions 
Throttle tempera- 
ture .. 
Throttle pressure 
Graphite Core 
Cylinder height . . 
Cylinder diameter 
Steam Drum 
Design condition 


Outside diameter 
Length .. i 
Number required 
Circulating Pump 
Number required 
Capacity .. 
Helium Circulator 
Number required 
Inlet temperature 
Capacity .. 


20.0 MW 
Rod bundles 
UO, pellets 
c. 80 

c. 24 


c. 56 


1,100 lb/sq.in. gauge, 
000°F. 


1,200 Ib/sq.in. gauge, 
650°F. 


100 Ib/sq.in. gauge, 
650°F. 

Carbon steel 

12.5 ft 

din. 


900°F. 
865 Ib/sq.in. abs. 


c. 14 ft 
c. 11 ft 


1,200 Ib/sq.in. gauge, 
600°F. 

4 ft 

11 ft 

2 


2 
2,570 gal/min 


1 
740°F. 


14,300 Ib/hr 


for the coolant water to flow. A 
carbon-steel vessel, through which 
the pressure tubes extend, surrounds 
the core. 

In operation, circulating water 
enters the centre region boiling tubes 
and is rapidly heated as it passes 
through the fuel region. This heated 
mixture of water and steam moves 
on up to one of four steam drums 
located above the reactor. The 
separated water is returned to the 
bottom of the boiling tubes in the 
centre region of the reactor; while 
the separated steam flows into the 
upper end of the superheating tubes 
located in the perimeter area of the 
core. The superheated steam collects 
in a header and then flows directly 
to the turbine. 

This article will be concluded next 
month when the third system will be 
discussed. 
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HE Atomic Energy Research 

Establishment at Harwell have 
just brought into operation an entirely 
new and unique laboratory. De- 
signed to produce information which 
will be great value in the design and 
improvement of nuclear reactors 
and to offer wide scope for basic 
research into nuclear structures, it is 
equipped with a high intensity pulsed 
source using a neutron booster 
together with what is probably the 
most extensive range of neutron 
time-of-flight spectrometers in 
the world. 

With thisequipment scientists will be 
able to undertake work previously pos- 
sible on onlya limited scale, using high 
flux reactors and cyclic accelerators. 
The new laboratory, called the neutron 
project laboratory, is under the 
supervision of the nuclear physics 
division of the AERE and was de- 
signed to their specifications. 


Necessity for Research 

It is very important to be able to 
predict the rates at which various 
reactions will proceed inside a reactor, 
and information of ever increasing 
accuracy is needed to calculate the 
behaviour of nuclear power stations 
throughout their life. It is, for 
example, relatively easy to calculate 
the amount of fuel required to 
make a reactor become critical, but 
much less easy to predict its condi- 
tion after running for a number of 
years. As most of the nuclear pro- 
cesses occurring in a reactor involve 
neutrons, we must measure the way 
in which neutrons interact with the 
atoms that make up the core of the 
reactor. 

We must find, for example, the 
probability that a neutron will be 
lost by capture, will cause a further 
fission, or will merely be scattered 
in a nuclear collision. Furthermore. 


since neutrons of different energies 
eccur in a reactor, these probabilities 
must be measured as functions of 
neutron energy so that the appro- 
priate averages may be taken for 
different reactors. Before such 
averages can be taken, we also need 
to know the energy spectrum of 
neutrons present in the reactor, and 
a complementary set of experiments 
is required on the behaviour of 
neutrons in moderators to check the 
theory used to calculate these spectra. 

Not all of the nuclear properties 
involved in making reactor calcula- 
tions are however readily amenable 
to direct measurement, and it is 
here that basic research into nuclear 
structure is of great practical use. 
Such research involves the study of 
nuclear energy levels and their proper- 
ties and leads to the construction 
of ** nuclear models.”” These models 
are of great interest in theoretical 
physics, and can be used to predict the 
behaviour of nuclei in circumstances 
where a direct measurement is im- 
possible or excessively difficult. 

The equipment installed in the 
neutron project laboratory will be 
used to provide information in all 
of these fields: it will yield accurate 
data on materials used directly in 
reactors, it will enable reactor spectra 
to be measured and predicted, and 
it will make possible many detailed 
studies of the interaction of neutrons 
with nuclei leading to the testing and 
further development of nuclear 
theory. 


Time-of-Flight ”’ 

One of the difficulties of measure- 
ments with neutrons is that accurately 
monoenergetic sources are not easily 
available below 50 keV (and this is 
an energy region of particular interest 
to the reactor designer), and also. 
as the neutron has no charge. it is 


not possible to separate out neutrons 
from a mixed source by means of a 
magnetic spectrometer as is done for 
charged particles A different method 
has therefore to be used, and one of 
the most successful is the well known 
time-of-flight’ method. In_ this 
method a pulsed source of neutrons 
is used and the neutrons allowed 
to pass along a long evacuated tube 
(the “flight path”) to meet a 
detector placed at its end. Neutrons 
of all energies start along this tube 
at the instant of the pulse, but due 
to their differing velocities they arrive 
at the detector at different times. 
Thus by using an electronic timing 
mechanism to record not only the 
behaviour of a neutron on arrival, 
but also its time of arrival it is 
possible to know exactly which 
velocity—and so which energy—of 
neutrons produces the effects ob- 
served. The velocities of neutrons 
are relatively high as may be seen 
from Table I. 


Table I 
Time to 
Energy Velocity travel 
eV metres/sec 50 metres 
(millisec) 
0.0253 2,200 2.7 
5.0 31,000 1.53 
50.0 10° 0.5 
5,000 10° 0.05 
500,000 10’ 0.005 


To get accurate measurements of 
velocity a very short pulse of neutrons 
is required and the neutrons should 


A view of the neutron laboratory is shown 
at the top of this page. Stretching from one 
end of the building like tentacles are the 
* time-of-flight *’ tubes. In the background 
is the high flux reactor DIDO, which is also 
used for ** time-of-flight ** experiments 
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be allowed to travel over as long a 
flight path as possible before reaching 
the detector. However, putting the 
detector a long way away means that 
only a small proportion of the 
neutrons produced ever reach it, 
and so an extremely powerful source 
of neutrons is required. 


750 Pulses per Second 


The pulsed source in the Harwell 
neutron project is a travelling wave 
linear accelerator which produces 
bursts of electrons that have been 
accelerated up to an energy of about 
30 MeV. These bursts are normally 
+ microsecond in duration, carry an 
electron current of between 0.3 amps 
and 0.4 amps during the burst, and 
occur at a rate of up to 750 pulses/sec. 
The electrons are allowed to fall 
on a mercury target serving the dual 
purpose of producing X-rays and 
removing the heat caused by stopping 
the beam. The X-rays are then 
absorbed in uranium to produce 
neutrons by photo-disintegration and 
by photo-fission. 

A factor of ten increase in the 
neutron output is obtained by making 
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the uranium into a sub-critical U-235 
assembly which multiplies up the 
primary neutrons liberated on ab- 
sorption of the X-rays. Care has 
been taken in designing this assembly 
to prevent the pulse being lengthened 
by the multiplication process as 
otherwise the energy resolution of 
the instrument would be spoiled 
and the whole advantage of the 
extra intensity lost. Table II gives 
performance figures for the source. 

During the pulse the fissile assembly 
is reacting at about 8 MW power, 
although due to the pulsed nature 
of the source the mean power will 
never rise above 2} kW. This means 
that it can be very small in size 
compared to a conventional 8 MW 
reactor and it is possible for the beam 
tubes to “ look at ” its whole surface. 

The sub-critical assembly is housed 
in a specially built concrete cell in 
the walls of which are nine “* neutron 
windows ” to which “time-of-flight” 
tubes are connected, each tube 
carrying an experiment. Some of 
the windows have two tubes con- 
nected to them. 

The beam from the accelerator 
can be magnetically deflected before 
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Table II 
Number of sections in 
linear accelerator .. 6 
Length/section .. Im 
Power input/section 
(peak) .. 6MW 
Frequency . 2,998 


Klystron ampli- 
fiers driven by 
magnetron 

25 to 35 MeV ac- 
cording to load 


RF power source 


Beam Energy 


Peak beam current 


(best achieved) .. 400mA 
Normal running beam 
current : 350 mA 


Pulse length (variable) 0.2 to 2 microsec 
Pulse repetition fre- 
quency (variable) .. Up to 750 pulses/ 
sec 
Rate of neutron out- 
put during pulse (cal- 
culated value for 
maximum beam 
current actually 
achieved, multipli- 
cation by booster not 
taken into account) 2 x 10" neutrons/ 
sec 
Rate of neutron output 
using fissile target .. 2 = 10!’ neutrons 
sec 
Fuel .. < .. Highly enriched 
uranium-235 


(Below) Diagrammatic section of the neutron 
booster 
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it reaches the sub-critical uranium 
assembly, if required, on to non- 
boosted targets. These targets and 
the magnets are housed in a concrete 
cell situated between the accelerator 
and the booster. It has six neutron 
windows, three on either side, to 
which further “ time-of-flight ’’ tubes 
can be connected. 

The “ time-of-flight ” tubes from 
both target cells vary in length up 
to 200m. A 300m long tube will 
shortly be added. 


Advantages of 
** Neutron Project ” 


Very successful pulsed sources 
for carrying out experiments of the 
type for which the laboratory has 
been built have been operated using 
betatron, cyclotron, synchro- 
cyclotron accelerators. To use such 
machines for a continuous pro- 
gramme of pulsed “ time-of-flight ” 
work, however, would be grossly 
uneconomical. Furthermore, the linac 
technique as exploited in the Harwell 
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neutron project gives a higher pulse 
rate repetition rate than is generally 
possible with cyclic accelerators. 
An added advantage of using a 
linear accelerator is that laying 
out a multipath “ time-of-flight ” 
tube system is simplified. 

Pulsed “time-of-flight” experi- 
ments have, of course, also been 
successfully carried out using a 
neutron chopper in conjunction with 
a high flux reactor. Only one flight 
path is available to one chopper, 
however, and so simultaneous ex- 
periments cannot be carried out. An 
added disadvantage is that there is a 
continuous background of pile- 
generated gamma rays emerging 
from the chopper to contend with. 
Furthermore most choppers require 
a widely diverging beam, which is 
disadvantageous for all but total 
cross-section work. 

In specifying an accelerator for 
their work the neutron project 
scientists defined the minimum pulse 
current required and placed some 


restriction on the energy spectrum. 
From previous experience it seemed 
likely that this specification would 
be met by an accelerator which gave 
a pulse current of 750mA at a 
mean energy of slightly over 25 MeV. 


Four Klystrons Enough 


Theoretical considerations showed 
that an efficiency of 80 per cent. for 
the conversion from RF to electron 
beam power was reasonable, and 
practical results, at lower efficiencies, 
had agreed with theory, so that it 
might be possible to achieve the 
output desired with a peak RF power 
of 24MW. As the RF power was 
to be supplied by klystron amplifiers 
rated at 6 MW peak, the minimum 
number required would be four. 

A beam current of 750 mA, how- 
ever, was over twice as great as that 
of any accelerator built at that time, 
and some margin of safety seemed 
desirable, to allow for factors which 
had not been taken into account in 
the theoretical assessment. It was 
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(Left) The linear accelerator. This was constructed in collaboration with UKAEA scientists by the Metropolitan-Vickers Electrical Co., Ltd. 
(Right) The neutron booster with the moderator tanks in position. Left background is one of the neutron windows to which ‘‘time-of-flight”’ 


therefore decided to design for a 
beam current of | amp, which would 
require peak RF input of at least 
31 MW. This required the use of 
six klystrons, but if the design current 
had been reduced to about 900 mA, 
five klystrons could have been used. 
Designs were prepared for both 
cases, the overall length of corrugated 
waveguide being kept constant. 

The design for six klystrons needed 
a conversion efficiency of 75 per 
cent. for an output current of | amp 
at a mean energy of 27 MeV. Such 
an accelerator would have a flatter 
regulation curve and be less frequency 
sensitive than one designed for five 
klystrons. From these and other 
considerations, it was decided to go 
ahead with the six klystron design. 
In this, the power from each klystron, 
except the first, is fed to a Im length 


Dr. Egon  Bretscher, 
who as head of the 
nuclear physics  divi- 
sion at Harwell, has 
overall responsibility of 
the Neutron Project. 
Of Swiss birth, Dr. 
Bretscher has been at 
Harwell since 1947 and 
in charge of nuclear 
physics since 1948 


tubes are connected 


of corrugated waveguide, which has 
a phase velocity equal to c, the 
velocity of light, at the design 
frequency. Any power remaining at 


the end of the waveguide is absorbed 


in a water-cooled resistive load. The 
first section of waveguide is 1.2m 
long and incorporates a bunching 
section in which the phase velocity 
is initially 0.4c, to match the velocity 
of the injected electrons, and increases 
along the section, as the velocity 
of the accelerated electrons increases. 


The Sections 


Each section of corrugated wave- 
guide of the finished accelerator 
is built up of a number of cup- 
shaped copper pieces, which spigot 
into each other, and are clamped 
together by long tie-bars. A focusing 
coil, wound from copper tubing, is 


(Below) Two senior scientists intimately concerned with the 
Neutron Project. Dr. Michael J. Poole (/eft) has been with 
the nuclear physics division at Harwell since 1956. Before 
that he was at Los Alamos. Was born in 1922 and educated 
at Manchester Grammar School and Trinity College, Cam- 
bridge. His colleague, Dr. E. R. Rae (right) joined Harwell 
in 1952 after a spell as a university lecturer. Has worked 
on neutron physics ever since. Born in 1920 he was educated 


at Glasgow University 


fitted round the assembled wave- 
guide, which is mounted on to a steel 
plate by means of the waveguide 
transformer sections which serve 
to feed power into and out of the 
corrugated waveguide. This steel 
plate, together with a steel cover, 
from the vacuum chamber for each 
section, and a large oil diffusion 
pump, with baffle and valve, is 
suspended from the centre of each 
plate. The six frames are bolted 
together, and the vacuum chambers 
are joined by metal bellows, to allow 
free passage of the electron beam. 

The electron gun is mounted 
directly on the vacuum chamber of the 
first section. This gun is of the 
triode type, with a steady potential 
difference of about 45 kV maintained 
between cathode and anode. 

The grid is biased negatively so 
that no current is injected except 
when positive pulses of about 3 kV 
are superimposed. Pulses of 0.2, 
0.5, 1 and 2 microseconds duration 
are available. The RF pulse length 
is longer than the gun pulse, to allow 
the fields to build up in the corru- 
gated waveguide, and to ensure that 
the timing and shape of the electron 
pulse is determined by the gun pulse. 
It is normally 2.5 microseconds, but 
can be reduced to 1.25 microseconds 
when the shorter gun pulses are used, 
to reduce power consumption. 

The klystron amplifiers are of the 
three cavity type, rated to give 6 MW 
peak and 9 MW mean power output 
at 10cm wavelength. They are 
mounted on combined pulse trans- 
former and vacuum pumping units, 
in a room running alongside the 
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accelerator room, so that the wave- 
guides carrying the RF power to 
the accelerator can be kept short. 


Spare Valve as Standby 


At the time the accelerator was 
designed, only continuously evacu- 
ated klystrons had been tested, and 
although sealed valves were under 
development, it was decided to design 
for the use of pumped valves, making 
provision for a change to sealed 
valves when they were shown to be 
satisfactory. There are seven pump- 
ing units in the klystron room, so 
that a spare valve can be pumped 
out, the cathode converted, and con- 
ditioned ready for use. 

When one of the klystrons feeding 
the accelerator fails, the complete 
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unit can be removed by means of a 
wheeled trolley, and replaced by the 
spare. Provision is made for keeping 
the vacuum pumps running during 
the changeover. The klystrons in 
use are driven by a magnetron, 
through directive feeds from a com- 
mon drive line. An attenuator and 
phase shifter is fitted in each branch 
to set the correct drive conditions. 
The magnetron gives pulses of 1MW 
peak for 3 microseconds, at a 
frequency of 2,998 Mc/s, the design 
frequency for the accelerator. 


Modulator Problem 

Each klystron requires HT pulses 
of about 90 amps at 200 kV which 
set a difficult problem for the modu- 
lator design, as no switch valve was 
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available which would handle the 
required 18 MW of power. Spark- 
gap modulators had been used for 
the initial development of the 
klystrons, but they were not very 
satisfactory and required constant 
adjustment and cleaning. The prob- 
lem was solved by designing modu- 
lators to use four of the largest 
hydrogen thyratrons available, each 
used to discharge a separate pulse- 
forming network through each of 
the four primaries of a combining 
pulse transformer, the output of 
which is sufficient to feed a klystron. 
Each modulator has an associated 
power supply unit, to recharge the 
pulse forming networks, which sup- 
plies a maximum of 5 amps at 9 kV 
to allow the klystrons to be run at 


ASYMMETRY 


Layout of | Neutron 
Project experiments 


EXPERIMENT 


PLUG DETECTOR 


Givinc TOTAL CROSS SECTIONS 


BORON LIOUID SCINTL LATOR 


CHROMATOR 


BACK FO BACK FISTION 


| 
| 
| 
| 
| 
200 METRE FP TOTAL 
(10) Puoro-socLEaR Wonk 
on 
= 2 


their full mean power rating. Grid 
controlled rectifiers are used to give 
smooth control of the HT voltage, 
and allow fast-acting protective 
schemes to be used. 

All controls are brought through 
to the control room, except those for 
the vacuum systems, which are 
operated locally. Controls used only 
for initial running-up are mounted 
on racks, but all those needed for 
the actual operation of the machine 
as a whole are mounted on a control 
desk, which also carries some of the 
controls for the booster target. 


Design Requirements 

In designing the booster target 
the scientists had to take into account 
the following requirements :— 

(1) To obtain the greatest 
efficiency from the assembly the 
X-ray must be produced at _ its 
centre. It was therefore necessary 
that the electron beam tube was led 
into the centre of the assembly to- 
gether with the mercury cooling 
pipes, while at the same time keeping 
heat and neutron losses to a mini- 
mum. A leakage of neutrons would 
unduly increase the amount of 
fissile material required ; 

(2) The assembly must produce a 
useful multiplication ; 
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(3) At the multiplication used the 
pulse must not be distorted to an 
extent that resolution is spoiled, 
otherwise an increase in flight path 
length will be required, and some of 
the benefit of the increased intensity 
will be lost. Some compromise is 
necessary at this point; 

(4) The system must be intrinsic- 
ally safe; 

(5) The system must be so de- 
signed that it can be assembled 
safely without relying on theoretical 
estimates of critical size; and 

(6) The spectrum of neutrons must 
be so modified (by moderators) that 
as many neutrons as possible lie in 
the energy range leV to 50 keV. 
The presence of these moderators 
must not affect the pulse shape 
(again compromise is needed). 

Plutonium would have been a 
more suitable material to have used 
in the booster than enriched uranium. 
However, as it was unavailable to 


‘the designers they had to keep to 


U-235. Plutonium would, of course, 
have posed some difficult safety 
problems. 


Mercury Instead of Water 
The core of the booster is made up 

of three annular cans of U-235 

mounted concentrically round a 


mercury target backed by U-235. 
The cans are mercury cooled. It 
had been originally planned to use 
water as coolant, but due to the 
danger arising from possible oxida- 
tion of the steel used in the structure 
of the assembly it was decided to 
use mercury. 


The Moderator Tanks 


Around the core is a thin natural 
uranium reflector. This is divided 
equatorially into two parts, the top 
half being fixed and the bottom 
movable to act as a “control and 
safety block.” The reflector is built 
up of from solid uranium end pieces 
canned in aluminium and supporting 
a ring of uranium rods. The “ end 
reflector ” nearest to the accelerator 
is contained in the fuel cans them- 
selves and is integral with the core. 

Around three sides of the core are 
the moderator tanks cans. These are 
shielded from the core by boron used 
to obviate the effect the moderator 
can have on the pulse length. The 
whole assembly is enclosed in a lead 
pot 12 cm thick and weighing 12 tons. 
The central part of this shield is 
supported on screw jacks and can 
be lowered to expose a 2 ft wide belt 
round the booster. 


BOOK REVIEWS 


Introduction to Probability and Statistics, 
by B. W. Lindgren and G. W. McElrath. 
Published by The Macmillan Co., New 
York—New York and London. Size 
9 in. x 6in. x 277 pp. Price 44s. Od. 

Anyone whose mathematical equipment 
includes a reasonable working knowledge 
of the integral calculus will find this volume 
by Lindgren and McElrath a really useful 
approach to the disciplines of probability 
and statistics. The authors have made the 
subject as attractive as possible by taking 
a middle course between the ultratheoretical 
and the completely down-to-earth, but they 
make no attempt to disguise the fact that 
statistics is not everybody’s cup of tea. 
Indeed, it is frankly admitted to the student 
in a foreword that statistics in its many 
ramifications “is an exceedingly complex 
subject,” and ‘‘ you must be willing to 
work out problem after problem.” Ina 
word, this is a book for the serious, hard- 
working, hard-thinking student. There is 
probably no department of mathematics, 
pure or applied, where real thinking is so 
absolutely necessary. It is not a matter of 
mastering standard formulae, probability 
** models,” etc., and applying them in 
mechanical fashion to this problem and 
that: it is an attitude of mind to think 
ore’s way through statistical analysis that 
is the real technique of this important 
subject. This volume contains five sub- 
stantial chapters on probability full of 


sensible, worked examples which should 
give the student the right atmosphere and 
a sound mathematical basis for the collec- 
tion and analysis of statistical data. With 
the excellent background given of prob- 
ability theory, the student should enjoy 
the chapters on the presentation and 
description of data and on testing statistical 
hypotheses and the other sections on statis- 
tics. The authors’ treatment of their 
subject fully justifies the book’s title and the 
volume is likely to rank high among the 
best of introductions to this increasingly 
important sphere of mathematical science. 

D.S.W. 


The Industrial Challenge of Nuclear 
Energy—III: Proceedings of the Stresa 
Conference—Part I. Published by the 
OEEC European Nuclear Energy Agency. 
Size 94 in. x 6in. x 275 pp. Pricel8s. 6d. 

This first volume of the proceedings of the 
conference on industrial prospects in 
nuclear energy organized at Stresa last 
May by the European Nuclear Energy 
Agency provides a useful reference book 
for anyone seeking background knowledge 
to the national nuclear programmes and 
the role of various international organiza- 
tions such as the World Bank and the 
International Atomic Energy Agency. 
Papers presented at four of the conference 
sessions are published together with the 
questions and answers that followed the 


papers and what are called “* Interventions” 
—subsidiary papers presented by various 
participating countries and organizations. 
The first session represented a survey of 
European programmes, the second was 
devoted to the economics of nuclear power, 
and the third and fourth to different aspects 
of the financing of programmes. One of 
the papers given at the last of these sessions 
dealt with the financing of the American 
programme, the United States participating 
in the work of the OEEC as an associate 
member. The volume concludes with two 
useful annexes. The first is an estimaie of 
nuclear energy production in Europe, 
1958-65, made before the conference and 
since revised, and the other a study of the 
financing of nuclear energy programmes 
and relations between the State and Industry, 
similarly made before Stresa and since 
revised. The volume includes a pull-out 
colour map of Europe showing nuclear 
installations in OEEC countries. 


TV for BERKELEY 


PYE Ltd., of Cambridge have received 
an order from AEI-John Thompson Ltd., 
main contractor for the Berkeley power 
station, for two sets of reactor inspection 
television camera equipment. This means 
that Pye are now supplying this type of 
equipment for three out of four nuclear 
power stations being built in Great Britain, 
as well as one set for Latina in Italy. 
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Shell Voluta 


heat exchange practice 


Before Shell produced Voluta Oil 45 it was 
thought that oils which were to be used for heat 
exchange purposes must have a high flashpoint 
—to reduce fire risk, and a high viscosity—to 
prevent excessive leakage through pump glands 
and to provide adequate lubrication for pump 
bearings at high temperatures. Heat exchange 
systems containing these viscous oils, however, 
were sluggish, particularly when started up from 
cold. The oil circulated slowly over the source 
of heat and suffered thermal decomposition, or 
“cracking”. This, in turn, produced low flash- 
point materials and carbon which insulated the 
heating surface. 

Shell, therefore, began investigating the suit- 
ability of oils of lower viscosity and different 
chemical constitution. From this research was 
developed Shell Voluta 45. 

Shell Voluta 45 contains hydrocarbons with a 


The Research Story 


TRIUMPHS OF SHELL RESEARCH 


saturated ring structure which does not have the 
tendency that high viscosity straight chain paraffin 
hydrocarbons had—to break down at high tem- 
peratures. Because of its low viscosity Shell 
Voluta 45 heats up more quickly from cold and 
circulates more rapidly thus avoiding local over- 
heating and thermal decomposition. 

Shell Voluta Oil 45 has excellent heat transfer 
properties, good thermal stability and good 
lubricating properties. It is recommended for use 
in all closed heat transfer systems. 

The moral of the story is that Shell research 
is supremely applicational. The centre at 
Thornton is always ready to work with even the 
most specialised sectors of industry to produce 
the right oil for the job. If you and your 
organisation have any major lubricating 
problems, it pays to get in touch with your local 
supplier of Shell Industrial Lubricants. 
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Laboratory research to compare the high temperature per- 
formance of various oils in a rig simulating practical conditions 
showed that when oils of varying viscosities were maintained 
at an average temperature of 325°C. for 200 hours, the closed 
flashpoint of the high viscosity oils had dropped to a lower 
figure than that of oils of lower viscosity, indicating that some 
thermal decomposition had taken place. 

Experimental oils were subjected to Heat Stability Tests and 
to tests designed to measure the variation in heat transfer 
coefficient with time. The most promising of these oils was 
then given extensive field trials, both in Shell Installations and 
in industry. From this extensive research was developed 
Shell Voluta 45. 
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Physical properties of Shell Voluta Oil 45. 

K. Thermal Conductivity—B.T.U./sq. ft. per 
hour per 1°F. per inch. 

S. Specific Heat—B.T.U. per lb. per 1°F. 

V. Viscosity—Kinematic centistokes. 


another proof of Shell leadership in lubrication 
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Design of Large Gas Ducts 


by A. T. BOWDEN, BSc, PhD, and J. C. DRUMM, BE 


Some of the problems encountered in the design of the large gas ducts 
associated with present-day nuclear reactors are outlined. Various 
ways of providing ductwork with flexibility are analysed and it is 
shown that a design involving the use of a combination of tied expansion 
bellows and cascaded corners is the most economic way of meeting 
the need for high flexibility and low flow pressure loss. The design 
of a large tied expansion bellows is discussed and an account given 
of the bellows now being installed in the gas circuits of the nuclear 


HE Bradwell station was de- 

signed to give its rated power 
output with reactor inlet and outlet 
temperatures of 180°C. and 390°C. 
respectively, and with a maximum 
pressure of 132 lb/sq.in. gauge in the 
coolant gas. The pressure circuit was 
designed, however, to meet other 
operating conditions as well. These 
are as follows :— 

(1) The design working condition 
giving an allowance on the 
conditions above to cater for 
contingencies. Pressure 147 
Ib/sq.in. Reactor 200°-420°C. ; 

(2) The operation of the reactor 
with one circuit isolated and 
therefore cold with the re- 
mainder at condition (1); 

(3) A special duty condition under 
which the reactor inlet tem- 
perature is raised to 230°C. for 
some months while the pres- 
sure is 147 Ib/sq.in.; 

(4) The start up of the circuit iso- 
lated in (2). Under this con- 
dition the top duct line is 
assumed to heat up rapidly but 
the heat exchanger has a con- 
siderable time lag owing to its 
inner liner; and 

(5) The cold draw condition at full 
pressure (147 Ib/sq.in.) and an 
ambient temperature of 15°C. 
The condition is likely to arise 
only during commissioning of 
the plant. Normally the pres- 
sure will not exceed 60 Ib/sq.in. 
in the cold condition. 

A well-designed duct system for a 

gas-cooled reactor should perform 


*Extract from a paper, “* Design and 
Testing of Large Gas Ducts,” presented to 
the Institution of Mechanical Engineers. 
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power station at Bradwell, Essex 


its function of conveying the reactor 
coolant to and from the heat ex- 
changers reliably with the economic 
minimum pressure drop in the gas 
flow, and without transmitting large 
thrusts to the reactor or heat ex- 
changer shells. All vital equipment 
associated with the reactor and its 
pressure circuit should be designed 
to give reliable service for the full life 
of the plant and, if at all possible, 
should not require any maintenance 
during that period. 


Cost of Each Circuit 


The need for low pressure loss 
may be gauged from the fact that in 
a large station an expenditure of up 
to £5,000 on each heat exchanger 
circuit can be justified for any design 
feature which will reduce the circuit 
pressure drop by 0.1 Ib/sq.in. This 
figure is based on the capitalized 
value of the circulator driving power 
saved over a period of 20 years as a 
result of reduced circuit resistance. 


Again there are important econo- 
mic reasons for keeping the magni- 
tude of the thrusts applied to the 
reactor pressure vessel down to the 
lowest possible level. It is a manda- 
tory requirement of both BS 1500 
and the ASME Unfired Pressure 
Vessels Code that allowance be made 
for stresses due to moments and 
thrusts at nozzles when fixing the 
maximum permissible operating pres- 
sure for a vessel of given dimensions. 
Thus if the sum of the stresses due to 
pressure and to a moment at a nozzle 
is in excess of the design working 
stress for the vessel steel the pressure 
in the system must be reduced to 
bring the total stress at the nozzle 


down to the design working stress. 
Such a reduction in pressure could 
seriously increase the overall capital 
cost of the station. 

For the conditions prevailing in 
the pressure circuit of a gas-cooled 
reactor there are probably only four 
practical solutions to the problem of 
providing large ducts with flexibility. 
In summary these are :— 

(a) short-radius mitred (‘‘ lobster 
back ’) bends on single large- 
bore ducts; 

(b) mitred bends on two or more 
smaller bore ducts in parallel 
for each heat exchanger circuit; 

(c) corrugated ducts; 

(d) single large-bore ducts with 
three tied expansion bellows in 
each line of ducting. 

The most commonly adopted 
means of providing pipes with the 
necessary flexibility to absorb differ- 
ential expansion is to incorporate a 
number of bends in each line. Pipe 
bends have a well-known property 
of being substantially more flexible 
when subject to external moments 
than the usual theory of elasticity 
indicates. 


Flexibility Increase 

This increased flexibility in a pipe 
bend is due to the fact that when a 
bend is subjected to a moment its 
cross-section becomes oval, thus 
greatly relieving the longitudinal 
bending stresses in the outside fibres 
of the bend and at the same time 
moving the point of maximum stress 
nearer to the neutral axis. The 
altered distribution of bending stress 
leads to a decrease in the moment of 
resistance of the bend. 


| 
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Both the altered stress pattern and 
the increased flexibility which accom- 
panies it can be simply related to a 
bend characteristic A defined as:— 

t 
A=-xX— 
where ¢ is the thickness of the bend 
wall, r the mean radius of the bend 
cross-section, and R the radius of 
curvature of the bend centre line. 


Estimates Possible 

A large amount of theoretical and 
experimental work has been carried 
out on pipe bend flexibility and stress 
distribution since the publication of 
von Karman’s first paper! on the 


TEMPLATE PIPE 
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Table I 


Ducts 


Condition 
Top Bottom 


Thrust, ton .. 

Moment at reactor, ton/ft oe a 
Maximum flexure stress in bends, ton/sq.in. 
Moment at reactor, ton/ft 


Maximum flexure stress in bends, ton/sq.it in. | 


subject in 1911. Sufficient informa- 
tion on the performance of bends is 
now available to permit the making 
of a fairly realistic estimate of the 
possibilities of designing a reactor 
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Fig. 1.—Outline of reactor ductwork 
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10.7 17.3 Hot with pressure 
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11.6 22.3 | Cold with pressure 
118 400 Cold with pressure 
9.4 5.1 | Cold with pressure 


duct system which relies principally 
on the ovalization of the cross- 
section of its bends to provide flexi- 
bility. However, it should be pointed 
out that most of the experimental 
work on pipe bends which is reported 
in the literature was carried out on 
small-bore pipes with fairly large 
ratios of thickness to diameter. 
Further tests, preferably on a large- 
scale bend, would be necessary to 
prove that the results of this work 
can be extended to bends in pipes 
with thickness to diameter ratios in 
the range 1/100 to 1/150. 


This test would also enable a check 
to be made on the magnitude of the 
effects produced by commercial 
quality welding, by inaccuracies in 
the fit-up of the mitres in the case of 
a mitred bend and by variations in 
tangent length. 


A general examination of the prob- 
lem of designing reactor ductwork 
with flexible bends leads to the con- 
clusion that a compact layout with 
minimum thrusts is best obtained by 
using bends of comparatively short 
radius of curvature. In the work 
described below bends with a radius 
of one pipe diameter are considered. 
The fatigue tests on pipe bends 
carried out by Markl? and the work 
on short-radius bends by Gross and 
Ford*® permit designs with bend 
radii of this order to be made with 
some degree of confidence. 


Optimum Radius 

It is felt, however, that the avail- 
able knowledge on bend flexibility 
does not justify the use of a smaller 
radius. For a 60 in. duct with a wall 
thickness of 4in., the value of the 
bend characteristic A corresponding 
to this curvature is 0.033 and this is 
close to the lower limit of the range 
which has been well covered by 
experiment. 

Right-angle bends for ducts of 
60 in. bore are usually fabricated 
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from a number of short duct lengths 
with suitably mitred ends. 

The majority of the work reported 
in the literature on pipe-bend flexi- 
bility and stresses was carried out on 
smooth bends made by drawing or 
pressing. There is some evidence to 
indicate (Gross and Ford®, Zeno® 
and Marki?*) that stresses and flexi- 
bilities for mitred bends can be 
predicted fairly well by the theory of 
curved pipes provided that long 
tangents and four or more mitres are 
used for a right-angle bend. How- 
ever, the general consensus of opinion 
seems to be that mitred bends are 
rather less flexible and are subject to 
higher stresses than smooth bends 
of the same leading dimensions’. The 
usual expressions for the flexibility 
factor kf and stress intensification 
factor J for a smooth bend are:— 


k=1.65/A 
and J=0.90/(A)?/8 


For a 60 in. bore bend with a } in. 
thick wall a radius ratio of 2, A= 
0.033 and hence k=50 and J=8.75. 

The work of Rodabaugh and 
George® indicates that bends with a 
small ratio of thickness to diameter 
are substantially increased in stiffness 
by internal pressure. On the other 
hand the stress intensification factor 
is reduced by internal pressure. 
Using the expressions given by these 
authors the flexibility factor for the 
bend drops from 50 to 33 when the 
internal pressure is raised by 147 Ib/ 
sq.in. Correspondingly, the stress 
intensification factor is reduced from 
8.75 to 5.13. 


A Ducting Example 


Some figures are quoted in Table I 
for a duct layout similar to that 
shown in Fig. | but with the bellows 
removed and the stiff corners re- 
placed by flexible mitred bends with 
a radius of curvature equal to the 
mean diameter of the pipe. The pipe 
wall thickness was assumed to be 
0.5 in. and the bends were assumed 
to have the same flexibility and stress 
intensification factors as a smooth 
bend. The figures indicate the order 


+The flexibility factor k for a bend is 
defined as the ratio of the flexibility of the 
bend to that of a straight portion of pipe 
of the same axial length as the bend. The 
stress intensification factor J is defined as 
the ratio of the stress produced in a bend 
by a given moment to that which would be 
produced in a straight pipe by the same 
moment. 


24 


NUCLEAR ENERGY—JANUARY, 1960 


of magnitude of the forces and 
moments associated with the use of 
short radius flexible bends on reactor 
ductwork. However, it should be 
pointed out that this particular duct 
layout could not be adopted in prac- 
tice as it would mean placing highly 
stressed flexible bends in positions 
where they could not be inspected 
owing to radiation streaming from 
the core. 

The flexure stresses quoted above 
for the top duct bends would be 
acceptable in bends made of a weld- 
able low-alloy steel such as 0.5 per 
cent. molybdenum, 0.25 per cent. 
vanadium with an ultimate tensile 
stress (u.t.s.) of 38 ton/sq.in. at room 
temperature and 33 ton/sq.in. at 
420°C., assuming these bends are 
designed to meet the requirements of 
the 1955 ASA _ B3l1-1 Code for 
Pressure Piping. The bends in the 
bottom ducts could be made of mild 
steel since the stresses are much 
lower and the ducting is relatively 
cool. 


Stress Tests Limited 


It is difficult to calculate the magni- 
tude of the stresses induced in the 
wall of a spherical pressure vessel by 
a given moment or thrust applied at 
a nozzle. The amount of experi- 
mental work reported on this subject 
is limited. Detailed analysis of the 
stress pattern round a nozzle subject 
to moments and thrusts is difficult in 
the case of a simple pipe welded to 
the surface of a sphere, and the 
problem is further complicated by 
the use of a heavy forged compen- 
sating ring. A method of calculating 
local shell stresses due to moments 
and thrusts applied at nozzle is given 
in Kellogg’. The solution is based 
on an approximate treatment similar 
to that used for a beam-on-an- 
elastic foundation, and results in the 
following expression :— 


1.17\/R 
f= [F,+1.5F,] 


where f is the local longitudinal 
bending stress in the shell, lb/sq.in., 
R the meridional radius of the shell, 
in., ¢ the effective local thickness of 
the shell, in., F, the unit loading due 
to applied bending moments, Ib/in. 
= M/7R2*, where M is the moment, 
Ib/in., and Rn the mean radius of 
nozzle connection, in., F, the unit 
loading due to a radial thrust, Ib/in., 
and =P/27Rn, where P is the total 
thrust, Ib. 


Wells® gives a very similar expres- 
sion based on an analysis carried out 
by Timoshenko!® of the stresses 
produced by a ring loading on a 
cylinder. Wells gives an interesting 
comparison of the stresses calculated 
by his expression with those actually 
measured during a strain gauge in- 
vestigation carried out by Schoessow 
and Kooistra" on the effect of 
moments and thrusts applied to 
pipes attached radially to two large 
cylinders. 

The figures quoted show that the 
expression given above overestimates 
the local stresses by factors ranging 
from 1.4 to 1.5 for a moment and 
from 2.3 to 2.5 for a radial thrust. 
However, an examination of Schoes- 
sow and Kooistra’s results indicates 
that there were strains present in the 
walls of the vessels which were sub- 
stantially higher than those recorded. 
This is due to the fact that strain 
gauges were not positioned suffi- 
ciently close to the branch pipes. 

In the case of reactor pressure 
vessels, stresses due to direct thrusts 
are usually very small. The im- 
portant stresses are those due to 
moments and the above figures 
indicate that the simple Kellogg 
expression probably gives a reason- 
able close estimate of the magnitude 
of these stresses. 


Pressure Margin 


Referring to the moments quoted 
in Table I, the Kellogg expression 
gives values of local bending stress 
in the wall of the reactor vessel 
ranging from 3,050 Ib/sq.in. to 2,580 
Ib/sq.in. for the hot and cold con- 
ditions respectively, in the top duct. 
In the Bradwell pressure vessels the 
membrane stress due to pressure is 
9,800 Ib/sq.in., while at the maximum 
operating temperature of 400°C. the 
permissible stress in the vessel is 
12,000 lb/sq.in. There is thus a 
margin of 2,200 Ib/sq.in. to cover 
stresses due to all external loadings 
on the vessel in the region of the 
outlet nozzles. 


Over half this margin is required 
to cater for a stress of around 1,300 
Ib/sq.in., due to a moment applied 
by the variation in the supporting 
effort of the duct hangers. Thus if 
the design is carried out strictly in 
accordance with the British Pressure 
Vessel Code the permissible local 
stress at the outlet nozzle due to duct 
thrust is 900 Ib/sq.in. when the vessel 
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is hot. A bending stress of 3,050 Ib/ 
sq.in. would mean that the maximum 
working pressure for the vessel would 
be reduced from 147 Ib/sq.in. to 115 
lb/sq.in. The requirements of the 
ASME Unfired Pressure Vessels Code 
are membrane stresses due to a 
pipe moment should be treated as 
primary stresses while bending 
stresses should be held to a safe level 
consistent with experience. 


Stresses Too Much 


Turning now to the reactor inlet 
ducts, Table I also shows the terminal 
moments for these ducts. These 
moments would lead to local stresses 
in the reactor vessel wall of about 
6,850 Ib/sq.in. in the hot condition 
and 8,750 Ib/sq.in. in the cold con- 
dition. Additional stresses of these 
magnitudes could not be tolerated in 
the wall of a reactor pressure vessel. 

To reduce the bending stresses at 
the reactor outlet nozzles to 900 Ib/ 
sq.in. and at the same time overcome 
the objection to having flexible bends 
in regions of high radiation it would 
be necessary to introduce two extra 
bends in the line of ducting, making 
in all five bends, four of which would 
be flexible and one of the usual stiff 
variety with cascade vanes. Similarly, 
the layout of the reactor inlet ducts 
would require three flexible bends 
and one stiff cascaded bend to pro- 
vide the necessary flexibility and to 
comply with shielding requirements. 

The importance of keeping to an 
economic minimum flow pressure 
loss in the ductwork of a gas-cooled 
reactor has already been emphasized. 
In the final design adopted for the 
Bradwell station the ducts contribute 
about | .6 Ib/sq.in. to the total circuit 
pressure drop of 7.6 lb/sq.in. There 
are five cascaded corners in each 
circuit and the losses at these corners 
are estimated to amount to just over 
30 per cent. of the total duct loss. 
This is based on an assumed pressure 
loss of 25 per cent. of a duct velocity 
head at each corner. It is thought 
that this figure is pessimistic and that 
the actual loss in service will be 
closer to 15 per cent. of a velocity 
head. 


Reducing Velocity Loss 

Bends with a radius ratio of 2 
which are not equipped with any 
form of splitter or turning vanes 
would give rise to a prohibitively high 
loss of between 60 per cent. and 80 
per cent. of a duct velocity head. 
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This loss can be substantially reduced 
by the use of a single long-sweep 
splitter and a further small reduction 
can be obtained by the use of two 
suitably proportioned splitters. How- 
ever, it is doubtful if the loss for a 
mitred bend can be reduced below 
the range 30-40 per cent. of a velocity 
head by these devices. 

Assuming a loss of 35 per cent. of 
a duct velocity head for a mitred 
bend equipped with splitters and 20 
per cent. for a stiff cascaded corner 
then the pressure drop in a circuit 
with flexible bends is estimated to be 
0.2 lb/sq.in. greater than that calcu- 
lated for the same system with bel- 
lows and stiff cascaded corners. If 
an extra stiff bend and an extra 
flexible bend were incorporated in 
each line of ducting the circuit pres- 
sure drop would be increased by 
0.6 lb/sq.in. The capitalized value 
of this increased pressure drop might 
be as much as £30,000 per circuit. 


Systems Compared 


To summarize, a design with short- 
radius flexible bends is attractive 
because of its fundamental simplicity 
and low first cost compared with the 
combination of bellows and rigid 
single-mitre corners with cascade 
vanes. A_ technically satisfactory 
design for the ductwork associated 
with a gas-cooled reactor is thought 
to be possible within the limits of 
existing knowledge on the behaviour 
of short-radius bends. It has, how- 
ever, been demonstrated that this 
design leads to a more complicated 
duct layout with a greater number of 
bends than are required for a duct 
system which relies on tied expansion 
bellows to provide flexibility in each 
line of ducting. 


The altered duct layout would 
appreciably increase the cost of the 
civil works on the station and this 
fact, together with the high capital- 
ized value of the charges for the 
increased pressure drop, led to the 
rejection of a flexible bend design for 
Bradwell. It is possible, however, 
that a case could be made for the use 
of flexible-mitre bends in a station 
with a duct arrangement incorporat- 
ing four or more bends in each line 
of ducting. 

Assuming that the duct thickness 
is proportional to the bore then the 
stiffness of a given length of duct is 
proportional to the fourth power of 
the diameter. Advantage could be 


taken of this factor to reduce duct 
thrusts by using say, two 45 in. bore 
ducts in parallel instead of one 60 in. 
bore duct in each heat-exchanger 
circuit. Flow pressure loss would be 
about the same in the two designs 
but the thrust in each of the two 
45 in. ducts would be only about one- 
third of that in the single 60 in. duct. 
While the large reduction in thrust 
which can be achieved by the use of 
small-bore ducts is quite attractive a 
solution to the duct problems of a 
nuclear power station on these lines 
is expensive owing to the duplication 
of equipment which is involved. 


Corrugating Wall Helps 

A length of straight pipe can be 
made considerably more flexible by 
corrugating its surface. On ducting 
of the dimensions used at Bradwell a 
twentyfold increase in flexibility can 
easily be obtained by rolling or up- 
setting shallow corrugations in the 
duct wall. There are, however, a 
number of serious disadvantages 
attached to the use of corrugated 
ducts. 


The large axial force due to the 
internal gas pressure causes a corru- 
gated duct to stretch, and this 
substantially increases the total move- 
ment to be absorbed in the duct 
system. The gas load also creates 
bending stresses in the corrugations 
which are of sufficient magnitude 
(about 18 ton/sq.in. for the par- 
ticular type of corrugations examined 
for Bradwell) to give rise to serious 
creep in mild steel at 400°C. Finally, 
the corrugations in the duct wall lead 
to a substantial increase in the flow 
pressure loss in the system. For any 
useful type of corrugation, the pres- 
sure loss over a given length is likely 
to be between eight ana ten times 
that which would occur in smooth 
ducting of the same bore. 


The Best Design 

A duct design using tied expansion 
bellows and large-bore ducts gives 
the most compact station layout and 
the lowest circuit flow resistance. 
The savings on the reduced cost of 
civil works and of blowing power far 
outweigh the extra cost of equipping 
the ducts with expansion joints. The 
surplus flexibility which usually ac- 
companies a duct design with bellows 
also gives extra protection to the 


(Continued on page 43) 
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O meet the requirements of 
universities, technical colleges, 
training establishments and research 
laboratories where students and staff 
are taught the nuclear sciences or 
trained to operate reactors, Vickers- 
Armstrongs (Aircraft), Ltd., of South 
Marston, Wilts, have developed the 
Vickers Reactor Simulator Mk I. 
They have also introduced a working 
reactor core model which can be 
used in conjunction with the simu- 
lator or operated, for lecture and 
demonstration purposes, from a 
small electro-mechanical control box. 
With the simulator it is possible 
to simulate any thermal or fast 
fission reactor, running at low power, 
throughout its power range, up to a 
level of 100 kW. The five groups of 
delayed neutrons associated with the 
fuels uranium-233. 235, or plutonium 
239 can be reproduced. An addi- 
tional hypothetical fuel, U-235/2, 
enables delayed neutron effects to 
be demonstrated more clearly by 
providing just one group of them in 
addition to the prompt neutron 
group. The mean life chosen for the 
delaved group is 12.14 sec. which is 
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Key to simulator console: 
1. H.T. Supply Units; 2. DC Amplifiers; 
3. Heaters Supply Unit; 4. Prompt Mean 
Life—two controls for injecting the mean 
lifetime of the neutrons emitted in fuel 
fission into the computing device; 5. Fuel 
Selector—a four-way switch for selecting 
one of four fuels; 6. Neutron Kinetic 
Chassis—the electrical network by which 
neutron kinetic equations are solved; 
7. Source x 10°? watts—simulated source 
of neutrons which enables a low power level 
to be maintained in reactor when it is shut 
down; 8. Excess Reactivity—low capacity 
key switch for introducing excess reactivity 
and continuous variable control for selecting 
its selection; 9. Override—reactor trips 
may be by-passed using an override selector 
switch; 10. Reset Trips—push-button con- 
trol for cancelling any trip condition in the 
simulator; 11. Trip Warning Override— 


(Continued in next column) 


the appropriately weighted mean of 
the five groups used with the fuel 
U-235. 

Thermal reactors using any 
moderator may be represented, ex- 
cept that the photoneutrons of a 
heavy water or beryllium reactor are 
absent. The simulation of fast 
reactors under normal control con- 
ditions can also be achieved. 

Safety simulation is obtained by 
the incorporation of interlocks and 
trips to provide actual reactor trip 
and safety responses. 

The simulator itself is perfectly 
safe to operate for all experiments, 
though it is suggested that operators 


(Continued on page 38) 


REACTOR 
SIMULATOR 


VICKERS 
Mk I 


and 


WORKING 
CORE 
MODEL 


red light illuminated when trip warning is 
overridden; 12. Trip Warning Manual—red 
lamp illuminated when the reactor is 
tripped by use of push-button shut-down 
control; 13. Trip Warning K 
lamp illuminated when reactor is tripped 
by power control by rapid increase in 
reactivity; 14. Trip Warning P “—red 
lamp illuminated when reactor is tripped by 
the power control; 15. Cancel Alarm— 
bell which sounds when reactor is tripped; 
16. Doubling Time Meter—for measuring 
rate at which reactor power is doubling; 
17. Power Output Meter—a_ logarithmic 
scale calibrated in watts; 18. Recorder 
Range Selector—five-way switch; 19. 
Reactor Tripped Indicator—green lamp 
illuminated by any trip condition and 
which remains illuminated until shut-off 
rods are withdrawn at reactor start-up; 
20. Reactor Working Indicator—red light 
illuminated when shut-off rods are with- 
drawn at reactor start-up; 21. Recorder 
with Linear and Logarithmic Scales; 
22. Coarse Control Rod Position Indicator 
—circular dial with range of 0-400 cm and 
calibrated in 50cm increments; 23. Fine 
Control Rod Position Indicator—circular 
dial linked to coarse control rod indicator 
with range 0-10 cm and calibrated in 1 cm 
increments; 24. Warning Lights—Control 
and Shut-off Rods—two systems each con- 
sisting of red, yellow and green lamps to 
indicate the condition of the control and 
shut-off rods in the reactor; 25. Shut 
Down—button press; 26. Shut-off Rods 
Position Indicator—circular dial indicating 
fully-in and fully-out positions of rods; 
27. Shut-off Rods Out—press button for 
motoring shut-off rods out of reactor; 
28. Control Rods: Dead Man’s Handle— 
for controlling position of the control rods; 
29. Release Control Rods—push button 
which actuates the fall of the control rods 
into the reactor; 30. Period Meter; 31. 
L.T. Power Supply Units. 
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lsotopes HOLLAND 


PRODUCTION AT AMSTERDAM LABORATORIES 


by F. R. PAULSEN, BSc, PhD, FRIC, FCS 


HILIPS DUPHAR have their 
isotopes laboratories in a quiet 
corner of Amsterdam, near the 
Ringdijk, and accessible from the 
city centre by a No. 10 tramcar. At 
the gate stands a notice forbidding 
entry, but a little further in, and 
apparently unaware of the first one, 
is another notice inviting visitors to 
report at the office. Such apparent 
contradiction is perhaps forgivable 
in an isotope production centre, 
where the operators are acutely aware 
of the inherent dangers of their 
products while at the same time being 
anxious to be hospitable. 


At these laboratories isotopes are 
produced in a 60 MeV  synchro- 
cyclotron. They are sold for use in 
medicine, industry and_ research 
establishments both in the Nether- 
lands and abroad. 


Philips, whose headquarters are at 
Eindhoven, are, of course, best 
known in the field of electrical 
manufacturing. They entered chemi- 
cal manufacturing by a curious 
trick of history. Philips, as makers 


of ultra-violet light equipment, were 
naturally interested in applications of 
such devices, and one of the reactions 
which they studied was the photo- 
chemical conversion of cholesterol 
into vitamin D,. After a period of 
research and development on this, 
Philips decided to join forces with the 
pharmaceutical firm of Roxane. The 
combined enterprise, Philips Roxane 
(it has since become Philips Duphar), 
eventually came to embrace a vast 
field of products which included 


‘vitamins, hormones, veterinary pro- 


ducts, insecticides, plant hormones, 
weed killers, and more _ recently, 
radioisotopes. 


First in the Field 


Entry into the field of isotopes 
resulted in the establishment of 
the radiochemical laboratories in 
Amsterdam, where the Philips ac- 
celerating machine had been con- 
structed. This synchrocyclotron 
came into action on November 10th, 
1948, and since that time has been 
almost continuously in operation, 
except for periods of shut-down for 


The synchrocyclotron used by Philips for isotope production 


improvements. The first shipment 
of isotopes for commercial use took 
place in January, 1951, and Philips 
claims, therefore, to have been the 
first firm to sell commercially, isotopes. 
The Amsterdam  synchrocyclotron 
still remains, in spite of developments 
elsewhere, one of the finest of its 
kind, by virtue of its high beam 
current, high yield of products, and 
great reliability. 

There was no guarantee, at the 
time of Lawrence’s conception of the 
first cyclotron, that the machine 
would be able to handle production 
of isotopes. Actually, it proved 
highly successful. An upper limit, 
however, was set on the degree of 
acceleration imparted to such 
particles as protons, deuterons and 
a-particles, by the relativistic mass 
increase. With the development of the 
synchrocyclotron greater particle 
energies became possible, but with 
corresponding decreases in yields. 

In the Amsterdam machine, the 
high beam current, up to at least 
20ua-30ca, has been possible through 
a specially designed ion source. The 
reliability and efficiency are chiefly 
the result of the very unconventional 
design of the acceleration chamber 
and its components, the efficient 
vacuum system, and the many safety 
devices. 


Cyclotron Design 


The synchrocyclotron was de- 
signed for a particle orbit of 80cm. 
radius, and a pole-piece of 90cm 
radius. This necessitated a chamber 
of 2m diameter, and a pressure of 
about 10-4mm of mercury, making 
the pressure on the top and bottom 
walls about 30 tons. This difficulty 
was overcome by making the magnet 
poles serve as walls, and so providing 
the maximum utilization of the pole 
gap. Air-gaps at the two poles, and 
7 cm from the face, formed top and 
bottom chambers which are virtually 
7cm thick, and also produce shim- 
ming of the magnetic field. 
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One original feature of the design 
is the building up of the chamber 
from readily-demountable elements. 
Two octagonal brass rings are 
separated by eight brass pillars and 
eight brass plates, the joints having 
air-tight rubber gaskets, so that 
total gas leakage is only six litres/ 
week. 


The lon Source 


The ion source is a chamber fed 
with helium at 0.1 mm_ pressure 
and operating at 900°C. The ions 
are passed through a duct, 5mm, 
in diameter, into the accelerating 
chamber. The ion source can be 
positioned while the cyclotron is in 
operation. The target is water- 
cooled, about 0.5 kW of heat being 
dissipated. The four-stage vacuum 
pump has an unbaffled pumping 
speed of 3,500 litres/sec, or 2,200 
litres/sec at the chamber. 

The control room is separated 
from the machine by a protecting 
water layer 3.5 m in thickness. The 
magnet is energized by a current 
which is automatically stabilized 
by a system which incorporates 
a mirror galvanometer and two 
photoelectric cells. In the event of 
a breakdown, the faulty component 
is automatically isolated, while inter- 
locking systems prevent any 
manipulative errors. 


Modifications 


During 1957 a _ newly-designed 
electromagnetic deflector system was 
added to the machine. This made 
it possible to withdraw from the 
chamber the accelerated particles. 
This is the first device of its kind. 
Formerly, it had been necessary to 
mount the targets in the accelerating 
chamber, and although this enabled 
the maximum use to be made of the 
beam of accelerated particles, it 
also reduced the flexibility of the 
machine for experimental work. AlI- 
though the new modification meant 
an inevitable reduction in beam 
strength, this was easily offset by the 
increased usefulness of the accelerator 
as a research tool. The deflector 
made possible the extraction of the 
beam, but necessitated considerable 
change in the building and even a 
moving of the laboratory. 

The Amsterdam synchrocyclotron 
can accelerate deuterons to 30 MeV 
and a-particles to 60 MeV, energies 
which are high enough to produce 
prolific nuclear reactions, though 
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insufficient to give rise to uncontroll- 
able side reactions with emission of 
nuclear particles. Deuterons are 
principally used for the reactions, 
because of the convenience of the 
source. Although the reaction 


2 a 1 a+l1 
.X=,H-+ X is seldom used, it 
n 


may sometimes occur, and such a 
reaction yields the same results as a 
reaction of the (n:y) type in a reactor, 
so that the latter method is the one 
usually adopted, since larger methods 
of target materials can be processed 
for a given expenditure of time and 
money. 


Sodium Isotopes 


At 30 MeV, the (d:p) reaction is 
accompanied by the (d:d,n) reaction, 
so that when sodium-23 is bombarded 
with deuterons, the product con- 
tains not only the required Na24, 
but also a small amount of Na22. 
However, the Na24 free from Na22 
and the carrier element, Na23, can be 
prepared by making use of the 
(d:p+-a) reaction: 


2 27 24 1 4 
,,Al=,,Na+;H+ 


This is only possible, however, if 
the aluminium target is free from 
magnesium, since the latter would 
give rise to Na22. 

Table I shows the isotopes pre- 
pared on the Philips synchrocyclo- 
tron, the yields being based on 


Equipment used for the separation of radioactive iodine from the neutron radiated base 
of tellurium 


two-minutes irradiation in the 
deuteron beam. 

At the target, up to 900w may be 
dissipated as heat, so that it is 
essential to prevent the melting and 
evaporation of the target material. 
This is made even more difficult by 
the high vacuum. Reduction of the 
beam strength prevents target 
damage, while a-particles produce 
less trouble than deuterons. 

Target plates of metal can be 
silver-soldered to water-cooled copper 
tubes. If this metal is too brittle, it 
is soldered to a copper plate and 
then to a pipe. Sometimes a low- 
melting element may be fused over 
the surface of the plate, or alloys 
may be formed in some cases. The 
plate may also be coated with molten 
salts or glassy solids. The form of 
target which is much used, because 
of its simplicity, cheapness and 
versatility is the metal plate clamped 
between two successive turns of the 
cooling coil. 


Irradiating Neutrons 


For short fast-neutron irradiation 
a vacuum-tight brass tube with a 
water-cooled thick base is used, 
the inside open to the air. Deuterons 
generate neutrons in the base, close 
to which is the target material, 
contained in a glass tube. Slow 
neutrons can be removed by means 
of a cadmium lining in the brass 
tube. 
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For prolonged irradiations with 
fast neutrons, the specimen is placed 
in a metal box, closely attached to the 
box containing the neutron-producing 
target. Paraffin wax is used for slow- 
ing down the neutrons for irradiation 
purposes. 

The preparation of carrier-free 
radioactive isotopes often involves 


Isotope 


Target material 
Be7 LiBO, 
Na22 Mg 
Na24 Al 
Mg27 Al 
P32 FeP 
Ti 
Cr51 Vv 
Mn52 Cr 
Mn55 Fe 
Mn-Cu 
FeS9 Co 
Co56 Fe 
Co60 Zn 
Co58 Co 
Co60 Cu 
Cu64 Cu 
Cu64 Zn 
Cu67 Zn 
Zn65 Cu 
Ga66 Zn 
Ga67 Zn 
As74 Ge 
Br82 KBr/K,CO, 
Rb86 Sr 
Sr89 Sr 
Y88 Sr 
Cd109 Ag 
Inl14 Cd 
Aul98 Au 
Bi206 Pb 


chemical techniques quite unlike 
those of the more orthodox analytical 
procedures, and each isotope has its 
own particular method. The methods 
may include crystallization, precipi- 
tation, electrolysis, reduction, ion 
exchange, distillation, colloid for- 
mation, co-precipitation, paper 
chromatography, electrophoresis, ex- 
traction, and so on. Surface adsorp- 
tion often assumes an important 
role, because of the minute amounts 
of material handled. 


Selective Reduction 


Crystallization is often used. Thus, 
working at correct acidities, it is 
possible to separate aluminium from 
sodium by crystallization of the 
former as chloride or nitrate, but not 
as sulphate, since an alum is formed. 
Manganese and cadmium may be 
separated from their target materials 
by selective reduction, since the 
target metals, which are chromium 
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and silver respectively, 
precipitated by zinc or tin. 


may be 


Solvent Extraction 


Cation exchange may be used for 
the separation of sodium from 
irradiated magnesium, and rubidium 
from strontium, for example. Anion 
exchange serves for the separation of 
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iron from irradiated cobalt, or 
from manganese. Organic solvent 
extraction is often useful, and this 
method finds application, for ex- 
ample, in the use of isopropyl ether 
for extraction of gallium from copper 
and cobalt, and of methyl isobutyl 
ketone for chromium from vanadium, 
and of amyl alcohol for chromium 
from vanadium, of chloroform with 
dithizone for extraction of zinc from 
copper, amyl alcohol and thiocyanate 
for separation of cobalt from zinc, 
and xylene and acetylacetone for 
partition of iron and cobalt. 


Co-Precipitation Common 


Electrolysis may be used for 
separating copper from zinc, cobalt 
from manganese, etc., while distil- 
lation will remove ruthenium and 
osmium in the form of their tet- 
roxides, or arsenic and germanium as 
chlorides. 


Co-precipitation is one of the 
commonest techniques employed, and 
is applied, for example, in the case 
of calcium or barium with strontium, 
silver chloride with iodide, arsenic 
with phosphorus in the form of 
magnesium ammonium phosphate, 
and various hydroxides with ferric 
hydroxide. 


After irradiation of lithium meta- 
borate (LiBO,) with deuterons, for 


Table I1.—Isotopes Generally Available in Holland. Their Source and Saleable Form 


Isotope Cyclotron produced 
Be7 Li(d:2n) 
Na22 Mg(d:x) 
Na24 Al(d:p,x) 
P32 
$35 
Ca45 
V48 Ti(d,2n) 
Cr51 V(d,2n) 
Mn52 Cr(d,2n) 
Mn54 Fe(d,x) 
Fe55 Mn(d,2n) 
Fe59 Co(d,2p) 
Fe55/59 
Co56 Fe(d,2n) 
Co57 Ni(d,2n) 
Co60 
Cu64 Zn(d,2p),(d,x) 
Cu64 Cu(d,p) 
Zn65 Cu(d,2n) 
Ga66 Zn(d,2n) 
Ga67 Zn(d,n) 
Ga72 
As74 Ge(d,2n) 
As76 
Cd109 Ag(d,2n) 
Inl14 Cd(d,2n) 
1131 
Aul98 
Bi206 Pb(d,2n) 


Pile produced Saleable form 

BeCl, 
NaCl 

Na(n,y) NaCl 

S(n,p) Na,HPO, 

Cl(n,p) H,SO, 

Ca(n,y) Ca compounds 
NaVO, 

Cr(n,y) Cr, Cr compounds 
MnCl, 
MnCl, 
FeCl, 
FeCl;,Fe citrate 

Fe(n,y) Fe compounds 
CoCl, 
CoCl, 

Co(n,y) Co,Co compounds 
CuCl, 

Cu(n,y) Cu 

Zn(n,y) Zn,Zn compounds 
Ga citrate 
Ga citrate 

Ga(n,y) Ga,O; 
Arsenates 

As(n,y) As.O; 
CdCl, 

In(n,y) In,In compounds 

Te(n,y) Nal 

Au(n,y) Colloidal Au, Au on carbon 
Bi citrate 
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Table I.—Yields of isotopes from Deuteron Bombardments 
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the preparation of beryllium-7, the 
target is dissolved in water and 
filtered through sintered glass, which 
retains the adsorbed colloidal beryl- 
lium. Similar methods are used for 
the adsorption of colloidal radioactive 
magnesium-27 and bismuth-206 from 
their targets of aluminium and lead 
respectively. 
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Paper chromatography provides 
an effective and rapid method of 
separating iron, cobalt and 
manganese. Electrophoresis is also 
very suitable. 

Isotopes regularly produced by 
Philips Duphar are listed in Table II. 
This also lists isotopes made by 
nuclear reactor methods and which 


I. Medical 
(a) Diagnosis 
1. Thyroid disorders 
2. Localization of tumours 
3. Blood circulation tests 
4. Blood and plasma volume tests 


(b) Therapy 
1. Thyroid diseases 
2. Blood diseases 
3. Skin diseases 
4. Cancers, etc .. 


(c) Teletherapy 
1. Irradiation sources .. 


(d) Research 
1. Toxicology, etc. 
2. Drug action and metabolism 


. Photosynthesis 
. Uptake of fertilizers, etc. 
. Trace elements in plants, etc. 


. Phytopharmaceuticals, insecticides 


. Soil chemistry, relation of soil to plants .. 


‘Suitable. 


1131 

1131, P32, Ga66, Ga67, Cu64 
Na24, Rb86 

1131, P32, Cr51, Fe59, As74, As76 


1131 

P32, Na24, Rb86 
P32, Sr90, As74, As76 
Co60, Aul98, Ga67 


Co60, Ir192, Cs137, ete. 


Many 
Many 


II. Plant Physiology, 


Cl4 

P32, K42, Ca45, etc. 

Many 

Na22, S35, P32, K42, Ca45, Fe59 

C14, S35, P32, Cl36, Cu64, As74, As76 
etc. 


6. Metabolism of fats, proteins, carbohydrates C14 
7. Role of vitamins, hormones, enzymes, etc. C14, P32, etc. 
8. Effects of radiations on cells, genetics Special x-, 8- and +-emitters 
III. Chemistry and Physics 
1. Study of organic reactions C14, $35 
2. Study of inorganic reactions Very many 
3. Control of analysis .. ‘ Many 
4. Analysis of complex mixtures by ‘isotope 
dilution method .. Many 
5. Diffusion and self-diffusion Many 
6. Investigation of surface active agents Many 
IV. Industry 
1. Estimation of efficiency of filters, for gas, 
smoke, dust, etc. 1131, Br82, etc. 
2. Estimation of volatilization of metals from 
melts Many 
3. Efficiency of separations Many 
4. Mixing and settling rates Many 
5. Corrosion studies Many 
6. Optimum composition of plating baths and 
control of electrolysis Many 
7. Lubricants and wear ae Fe59, Cr51, etc. 
8. Transfer and distribution of inks ue Many 
9. Self-diffusion of metals Many 
10. Distribution of elements between ‘molten 
metals and slags me P32, S35, etc. 
11. Liquid flow in pipes .. Co60 
12. Polymerization and vulcanization studies €4,'$35, etc. 
13. Coatings and dyes on synthetic fibres Many 


14. Thickness of papers, plastics, and other 


sheets and coatings 
15. Liquid levels in tanks 
16. Specific gravity of liquids 
17. Indirect radiography 


12, Static elimination on paper, plastics, a 


19. Starter for discharge tubes .. 
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Long-life - and y-sources 
Co60 

y- and X-sources 
*y-sources 

Long-life X- or y-sources 
Long-life $-sources 


A _ radioisotope storage cell at the 
Amsterdam laboratories 


are generally available in the Nether- 
lands. Isotopes can also be prepared 
to customers’ requirements. 


Other Isotopes 


In addition to the isotopes listed 
in Table II the following radioactive 
preparations are regularly 
produced:—P32 in the form of 
POCI, and PCl;; or as tricresyl 
phosphate, superphosphate, second- 
ary calcium phosphate, and tertiary 
calcium phosphate; S35 as heavy 
metal sulphides, sodium sulphide, 
crystalline sulphur, KCNS, fuming 
sulphuric acid; Co60 in the form of 
needles, tubes, pearls, spheres, wire, 
and cobalt naphthenate; Br82 as 
methyl bromide; Sb124 as triphenyl 
stibine; 1131 in the form of iodinated 
human serum albumin, and as di- 
iodofluorescein; Aul98 gold 
seeds, 0.8 mm in diameter, and gold 
grains 0.8 mm in diameter and length 
2.5mm. There are also available 
radiographic sources of Co60 and 
Ir192, in sealed aluminium holders, 
and static eliminators and y-spectro- 
graphy calibration sources. 

Philips Duphar Isotope lab- 
oratories issue a series of technical 
bulletins in which information is 
given to potential customers. One of 
these bulletins gives a broad survey 
of the applicability of radioactive 
isotopes, and since this list is of 
considerable value, it is given in an 
abbreviated form in Table III. 


The author thanks Philips Duphar for 
their courtesy in allowing him to visit their 
Isotopes Establishment, and for enabling 
him to gain the information on which this 
article is based. 
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Australia 


WORK OF UNIVERSITY OF NEW SOUTH WALES 
MASTER OF TECHNOLOGY DEGREE COURSE 


N May 10th, 1954, it was 

resolved by the Council of the 
University of New South Wales, 
Australia, that a Research Institute 
of Nuclear Engineering be created 
within the university under the con- 
trol of the Council to develop and 
encourage research in the various 
fields of nuclear engineering. Among 
the aims of this Institute the resolu- 
tion listed were :— 

(i) to encourage and develop 
within the university research 
and post-graduate training of 
engineers and applied scientist 
in fields covered by the term 
nuclear engineering ”’; 

(ii) to provide assistance and 
information to industry re- 
garding the engineering and 
applied science aspects of an 
atomic power programme in 
Australia, and to help in 
developing industrial readi- 
ness for such a situation; and 

(iii) to organize periodic post- 
graduate courses and lectures 
on various aspects of nuclear 
engineering. 

The Institute was created, and a 
committee was established com- 
prising the professors of those sub- 
jects having relevance to nuclear 
engineering, namely the professors 
of physics, chemistry, mechanical, 
electrical, chemical and mining en- 
gineering and metallurgy. 


Prof. Baxter, Chairman 


The committee of the Institute, 
which is under the chairmanship of 
the vice-chancellor, Professor J. P. 
Baxter, who is also chairman of the 


*Nuffield Research Professor in Mech- 
anical Engineering, University of New 
South Wales, and NUCLEAR ENERGY 

International Editor. 
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by L. C. Woods, DSc, PhD, BE, MA* 


Australian Atomic Energy Commis- 
sion, meets several times a year, 
principally to consider the various 
research and teaching programmes 
under way or proposed in the con- 
stituent schools. In this article only 
the lecture and laboratory courses 
fostered and planned by the Institute 
are discussed. 

The Institute has, however, en- 
couraged research, mainly through 
the granting of funds, in almost 
all the schools represented on the 
committee. As a result a steadily 
increasing programme of research 
is emerging. 


At the Beginning 

One of the first ventures of the 
Institute was a two-day Symposium 
on Atomic Power, the lectures being 
aimed at a general scientific audience. 
That was in 1954. Two years later 
a course of 15 lectures was given 


Aerial view of the site of the University of New South Wales taken in 1957 


to engineering and scientific graduates 
in industry who wanted an introduc- 
tion to the field of nuclear engineer- 
ing. The course proved very popular 
and was repeated in 1959. More 
specialized courses given in 1956-57 
were on (i) reactor materials (20hr 
in 1957), (ii) radiation shielding 
(12hr in 1957), (iii) advanced reactor 
theory (12 hr in 1957), and on (iv) 
radioisotopes (15 hr in 1956, repeated 
several times). A full-time two week 
laboratory course in isotope tech- 
niques was also provided. 

In 1958 the university decided to 
introduce an annual part-time course 
in nuclear engineering extending 
over one year. This course was 
designed with two objects in mind. 
Firstly it was to provide a final 
year elective subject for BE students 
in mechanical engineering. Secondly 
it was to be an introductory pro- 
fessional course in reactor science 
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and technology for graduates in 
industry and Government research. 


The course consists of S50 hr of 
lectures covering physics, reactor 
theory, chemical and metallurgical 
aspects, shielding, reactor types and 
technology. There are also 24 hr of 
laboratory work. 

The course is given in the evenings 
and has proved very popular with 
about 20 students in both 1958 and 
1959. Success in a 3 hr examination 
at the end of the course qualifies 
post-graduates for a certificate and 
undergraduates for a credit towards 
their BE degree. 

There is no intention that nuclear 
engineering should intrude further 
into the undergraduate course. It 
is held that this subject is best de- 
veloped as a post-graduate study. 
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Solvent extraction equipment for the extraction of uranium in solution. One of the pieces 
of equipment in the laboratories of the School of Metallurgy, the University of New South 
Wales 


The radiochemical laboratory in the nuclear and radiation chemistry department of the 
University of New South Wales. It is the first laboratory in an Australian University to be 
specially designed for radiochemistry 


All the same, it is felt that all en- 
gineering undergraduates, whatever 
their ultimate aim, should be exposed 
to lectures in nuclear engineering, 
whether given as a special course as 
provided by the University of New 
South Wales or as a set of lectures 
within the final year of applied 
thermodynamics. 


Weakness Overcome 

One of the weaknesses of the 
degree structure in Commonwealth 
universities (as distinct from uni- 
versities in U.S.A.) is that the Master’s 
degree is almost always awarded 
for research work. However, the 
Bachelor’s degree is very quickly 


becoming a quite inadequate stopping 
point for those who wish to leave 
university with some specialized up- 
to-date knowledge of an advanced 
field without undertaking research 
in it (for which he is not properly 
prepared in any case). The University 
of New South Wales has sought to 
fill this gap by introducing a Master 
of Technology degree, which consists 
of about 70 per cent. to 80 per cent. 
of formal course work, the rest being 
spent on a minor thesis. 

In 1960 the university will offer an 
MTech degree in Nuclear Engineer- 
ing. The course for this will extend 
full-time over one year and will 
involve the students in about 30 hr 


“contact” time (lectures, labora- 
tories, tutorials and supervised study 
periods) per week during the first 
two terms and somewhat lighter 
load in the final term. In this final 
term the student is required to work 
on a project and present his findings 
in a minor thesis. The course will 
be open to all engineering graduates. 


N-Study Balanced 


The first term of the course will 
be devoted to a broad study of all 
branches of nuclear engineering. 
In the second term the students will 
concentrate on the engineering as- 
pects of the subject, and in view of 
their undergraduate training the 
material presented to them will be 
genuinely post-graduate study in such 
subjects as control engineering, heat 
transfer, and thermal stresses. The 
application to reactor design and 
engineering of these subjects will, 
of course, be stressed, but not to the 
point where the course contains an 
excessive amount of nuclear tech- 
nology—the engineering science as- 
pect will remain dominant. This is 
important in view of the rate of 
change of the subject and the fact 
that it may be many years before 
graduates who remain in Australia 
can use their technical knowledge 
in the reactor field. 


Subjects Embraced 

The subjects covered in the course 
will be: physics, mathematics, reactor 
theory, reactor control, chemical and 
metallurgical aspects, shielding and 
health physics, reactor engineering 
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and technology (including reactor 
design, heat transfer and fluid mech- 
anics), thermonuclear power, power- 
station engineering, and radioisotope 
applications. The main emphasis 
of the course will be on reactor theory 
and reactor engineering and tech- 
nology, and lectures on these subjects 
will comprise more than half the 
total number of lecture hours. 


As already mentioned the third 
term will be spent principally on a 
thesis project of a design or research 
nature. It is also planned that in this 
term the students will spend some time 
in the laboratories of the Australian 
Atomic Energy Commission at Lucas 
Heights, some 20 miles south of 
Sydney. There they will obtain 
practical experience on sub-critical 
and zero-energy assemblies. 


Advantages of N.S.W. 

To make these and other facilities 
available to all Australian universities 
there has recently been established 
the Australian Institute of Nuclear 
Science and Engineering to act as a 
liaison body between the universities 
and the Atomic Energy Commission. 


It seems probable that no other 
Australian university will develop 
nuclear engineering courses to the 
extent to which it is planned in the 
University of New South Wales. 
This particular university has certain 
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important features which make it 
suitable as a nuclear engineering 
centre. First of all, it has a relatively 
large number of staff members with 
experience in the fields of nuclear 
engineering and science. Secondly, 
it is close to the Lucas Heights 
Laboratories. In addition, the uni- 
versity also has _ well-developed 
courses and laboratories in the re- 
lated fields of chemical engineering, 
metallurgy and_ radio-chemistry, 
while the School of Mechanical 
Engineering with a staff of 40 must 
be one of the largest in the Common- 
wealth. 


Harwell Man in Charge 


The MTech degree course, the 
structure of which has been largely 
designed by the author, will be con- 
trolled in a general way by the Insti- 
tute of Nuclear Engineering and the 
Faculty of Engineering. The execu- 
tive officer in charge of the course 
will be Dr. A. Keane, an applied 
mathematician who spent 1958 work- 
ing on reactor theory problems at 
the Atomic Energy Research Estab- 
lishment, Harwell. Dr. Keane main- 
tains a close liaison with the Reactor 
Physics group at Lucas Heights. At 
least nine other members of the 
university’s staff have had research 
and practical experience overseas 
in the nuclear energy field. With a 


lapse of time this figure should in- 
crease considerably. 

The Australian Atomic Energy 
Commission provide a number of 
post-graduate scholarships for re- 
search work into nuclear energy and 
related fields and so far the University 
of New South Wales has been 
awarded 20 of these. Research 
grants from the Commission are 
also valuable in promoting research 
in the nuclear energy field. 

In view of the expense of buying, 
housing and maintaining a teaching 
reactor, and also of the nearness of 
the facilities at Lucas Heights, it has 
been agreed that for the time being 
at least the university will not install 
one. A sub-critical assembly may be 
built in the future, but it is expected 
that for the first few years the 
assemblies being built at Lucas 
Heights will be sufficiently available 
to our students to provide satisfactory 
training. Laboratory experience in 
nucleonics, measurement techniques, 
shielding, automatic control, use of 
radioisotopes, and similar topics 
not requiring a nuclear reactor, will 
be provided within the university’s 
laboratories. The degree does not 
and cannot aim to produce reactor 
operators; the emphasis must be on 
basic principles with the practical 
experience being obtained in the 
nuclear energy industry or in research 
establishments. 


REACTOR SIMULATOR 
(Continued from page 26) 
should exercise the same care and 
precautions as they would if con- 

trolling a reactor. 

The core model represents the 
cross-section of a typical, graphite 
moderated nuclear reactor and gives 
an illuminated pictorial representa- 
tion of the events taking place within 
the core. Shut-off rods, control 
rods and fuel elements are repre- 
sented by coloured strip lighting. 
The control and shut-off rods are 
movable and operate in synchronism 
with the corresponding controls and 
indicators on either the simulator or 
the model control console. 

The lighting representing the fuel 
elements is variable in intensity so 
that when the reactor is at full power 
it glows brightly and as the reactor 
is shut down fades. It is regulated 
by a signal from the simulator, or 
from the model control console. 
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The Vickers Reactor Simulator Mk I and (on the right) the Vickers core model which can be 
used either in conjunction with the simulator or a separate model control console 
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PEOPLE..} 


DR. MOSTAFA B. TALAAT, an 
Egyptian-born engineer, has joined the 
nuclear division of The Martin Co., Balti- 
more, U.S.A. He will direct all research 
and development work on energy conver- 
sion, concentrating particularly on 
thermoelectric, thermionic and magneto- 
hydrodynamic systems. Thirty five years 
old, Dr. Talaat, who was born in Cairo 
went to the U.S.A. shortly after receiving 
his bachelor of science degree in electrical 
engineering, with honours, from Cairo 
University in 1946. He earned his master’s 
degree and doctorate in electrical engineer- 
ing from the University of Pennsylvania 
in 1947 and 1951, respectively. Before 
receiving his doctorate he spent two years 
teaching electronics at the Massachusetts 
Institute of Technology, and later he taught 
briefly at the University of Pennsylvania 
before entering private industry. At the 


Dr. M. B. Talaat 


Elliott division of the Carrier Corporation 
and later at the Carrier Research Centre, 
Dr. Talaat carried out a number of re- 
search and development programmes in 
energy conversion. He developed the design 
concept of a 5 kW thermoelectric generator 
and supervised the project for the U.S. Navy 
through all phases of analysis and compo- 
nent testing. Dr. Talaat holds two patents 
on thermoelectric generators and one on 
the cooling of electric machinery, and he 
has published a dozen papers and technical 
discussions in the Transactions of the 
American Institute of Electrical Engineers. 
In 1955, 1957 and 1958, his AIEE papers 
were singled out for special awards. 


An Argonne’ National Laboratory 
physicist, Dr. STEFAN G. KAUFMANN, 
has accepted a one-year appointment to the 
French Centre D’Etudes Nucléaires (Centre 
of Nuclear Studies) at Saclay, near Paris. 
The appointment has been made as part 
of an informal exchange programme be- 
tween Argonne and Saclay under which 
personnel from the two laboratories spend 
approximately one year abroad in nuclear 
reactor engineering and physics studies. 
At Saclay Dr. Kaufmann will participate 
in unclassified studies of ** fast’ nuclear 
reactor systems. A member of the Argonne 
reactor engineering division, he has partici- 
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in the 


pated in several experimental studies of 
fast reactors utilizing the Experimental 
Breeder Reactor I (EBRI) operated by 
Argonne at the National Reactor Testing 
Station in Idaho. Born in Berlin, Germany, 
in 1921, Dr. Kaufmann emigrated to the 
United States to escape the Nazi regime 
in 1940. He attended universities in 
Germany and The Netherlands, is a graduate 
of Manchester College, North Manchester, 
Indiana, and received his PhD degree from 
the University of Wisconsin, Madison. He 
has been a member of the Argonne reactor 
engineering division since 1951. 


The European company for the Chemical 
Processing of Irradiated Fuels 
(EUROCHEMIC) have appointed DR. 
ERICH POHLAND, of the German 
Bundesministerium fur Atomkernenergie 
(German Federal Ministry of Atomic 
Energy), as general manager of the company. 
Dr. Pohland was last July elected chairman 
of the board of directors. DR. R. 
ROMETSCH, formerly of the Swiss 
“CIBA” company in Basle, has been 
appointed research director of Eurochemic. 


MR. J. E. SMITH, of Richardsons 
Westgarth & Co., Ltd., takes up the position 
on January Ist, 1960, of managing director 
of the National Gas & Oil Engine Co., Ltd. 
He will also become a member of the board 
of Hawker Siddeley Industries Ltd. Mr. 
Smith who is 45 years old, is at present a 
director of Richardsons Westgarth and 
managing director of their subsidiary, The 
North Eastern Marine Engineering Co. 
He has been associated with the Richardsons 
Westgarth group for practically the whole 
of his career. 


The nuclear division of The Martin 
Co., Baltimore, U.S.A., have awarded 
$1,000 to two of their engineers, MR. 
HAROLD N. BARR and MR. DONALD 
H. PETERSON, for developing a strikingly 
simple but promising solution to abrasion 
problems in an advanced nuclear reactor 
system Martin is developing. The system, 
called ‘“* LFBR” (Liquid Fluidized Bed 
Reactor), will use small pellets of fission- 
able fuel immersed in water inside a cylinder. 
Because a power-producing chain reaction 
can take place only when the pellets are 
separated from one another by a certain 
amount of the liquid, the reactor will be 
turned on simply by forcing more water 
up through a perforated plate on which 
the pellets rest. A major problem in such 
an arrangement is that the pellets gradually 
become worn away as they tumble over 
and over one another. But Barr and 
Peterson suggested adding powdered graph- 
ite to the water. Abrasion dropped to less 
than 20 per cent. of what it had been, and 
there is a possibility that the graphite will 
also improve the heat transfer character- 
istics of the system. Martin-Nuclear have 
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also made five other company patent 
awards, totalling $375. MR. WILLIAM 
CORLISS has received $250 for work on a 
conceptual design of a 100 kW to 1,000 kW 
nuclear reactor for use in space. MR. 
JOHN L. SAUER and Mr. CLAUDE C. 
CARDWELL have been awarded $25 each 
for a device to indicate the position of 
reactor “‘control rods” inside a closed 
container. MR. WILLIAM F, BEUTEL 
has received $50 for the design of a flexible 
fuel bundle which may facilitate a system 
of continuous refuel. ing in nuclear reactors, 
while MR. JOHN I. MeNEIL has been 
awarded $25 for development of a reliable 
power supply that is less expensive and 
offers more precise control than the one 
now in use on control rod actuators for 
Martin reactors. 


Shortly after establishing a Scottish 
office, West Instrument have now extended 
their sales and service coverage in the 
United Kingdom by opening a Newcastle 
office. Appointed as manager of the new 
office is MR. W. I. MeNALL, BSc(Hons). 
Formerly a research physicist at United 
Glass Bottle Manufacturers, Mr. McNall 
has worked with James A. Joblings (“*Pyrex”’) 
since 1956 and was assistant factory manager 
before taking up his new appointment. 
He has done considerable work on the 
control of temperature, flow, etc., and has 
visited the United States to study forming 
machinery. 


MR. TIBOR HAAS, Dip! Ing, 
AMIMechE, AFRAceE, has been appointed 
head of the design section in the newly 
formed members’ service department of 
the British Welding Research Association, 
Abington, Cambridgeshire. Mr. Haas, 
who was educated at Prague University, has 
had many years’ experience in mechanical 
engineering, light weight engineering design 
and heavy engineering. Following a period 
industrial consultant contracts 
throughout Europe he joined the Bristol 
Aircraft Co., of Filton where, for six years, 
he held the position of head of the fatigue 
department. 


MR. C. H. FLURSCHEIM, BA, MIEEF, 
MemAIEE, a director and the chief elec- 
trical engineer of Metropolitan-Vickers 
Electrical Co., Ltd., has been co-opted to 
serve on the Council of the British Welding 
Research Association. Mr. Flurscheim 
began his career in 1927 as college appren- 
tice with Switchgear Engineering Co., 
Ltd., and in 1936 was given control of the 
company’s high voltage division. He was 
appointed chief engineer following work 
on the development of electro-mechanical 
undercarriages and miniature circuit 
breakers for aircraft during the war. He 
became chief electrical engineer of Metro- 
politan-Vickers in 1957 and a director in 
1958. 
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TANFORD University, Cali- 

fornia, has long held a reputation 
for pioneer work on linear accelera- 
tors, and their 220ft machine can 
produce electrons with energies up 
to 1,050MeV. One could well 
imagine that to increase this machine 
to a length of 2,200 ft would have 
been no mean feat, but this would 
have been only to invite competition. 
So, in order to keep its lead safe, 
Stanford is to build a linac two miles 
long, driven into a mountain at Palo 
Alto. This surely should leave 
Stanford’s pre-eminence — unchal- 
lenged for a long time to come. The 
new project, which is to take six 
years and to cost over $100m., will 
enable the scientists to produce 
electrons with energies up to 15 BeV. 


* * * 


Talking of accelerators, I am 
reminded of some of the reactions 
to the CERN conference on accelera- 
tors, held in September, 1959. J. B. 
Adams, Director of CERN’s PS. 
Division, said that the conference 
has brought forward no new ideas, 
but that contributions were more 
valuable than those of the 1956 
meeting. This view was shared by 
Prof. W. K. M. Panotsky of Stanford, 
U.S.A., and by Wang Kan-Chang, 
of Dubna. There can be no doubt, 
though, that these enormous confer- 
ences are very expensive, and drag 
away the delegates from valuable 
work from which they can be spared 
only with difficulty. Nevertheless, 
and I assert this even in the face of 
W. Jentschke, of Hamburg, who 
considered that these conferences are 
being held too frequently, no effort 
should be spared to bring world 
scientists together again and again. 
Not only is there a very valuable 
exchange of technological ideas, and 
an opportunity to see what the other 
man is doing about things, but, and 
perhaps this is an even more im- 
portant aspect, there is the fostering 
of mutual trust and understanding 
which are so sadly missing from the 
political meetings. It would be too 
much to say, perhaps, that the peace 
of the world is in the hands of 
scientists, but at least they are doing 
rather more than their share to dispel 
ill-feelings between the nations. 


* * * 


The bringing together of 31 major 
firms into the French combines 
France-Atome and Indatom resulted 
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in a formidable array of nuclear 
technical experience to make its 
début in the international market. 
It would be surprising if, in the field 
of research reactors, nuclear labora- 
tories, and fuel elements, this frontal 
attack should not succeed, even in 
face of British and American compe- 
tition. 


* * * 


And that reminds me of the many 
collaborations springing up between 
British and other firms in various 
nuclear markets. There was a great 
deal of ebullient optimism when the 
British firm of Humphreys and 
Glasgow came to an agreement with 
A.M.F. for the provision of the 
tennis-court size nuclear power 
station for large industries or under- 
developed countries. However, there 
has been an almost incomprehensible 
reluctance on the part of would-be 
purchasers to take the plunge. Can 
it be that each was awaiting the 
initiative to be taken by another, and 


“NUCLEARIST’ 


writes ... 


to see how he got on with the new 
power plant before himself taking 
the matter in hand? Now we hear 
of Humphreys and Glasgow teaming 
up with the American Babcock and 
Wilcox to supply nuclear power 
plants in the 17.5MW to 30MW 
range. Is this a case of coming back 
for a second knock on the jaw, or is 
there this time something new to 
appeal to those who were not con- 
vinced before? This new combina- 
tion will be worth watching, for there 
is more than prestige at stake. 


* * * 


At the Wolgang works of Degussa, 
near Hanau, Germany, the first 
European electronic beam melting 
furnace has come into being. Under 
a voltage of 12,000, electrons are 
shot from a tungsten electrode and 
reach a speed of 60,000 km/sec, a 
velocity which makes even these 
small particles highly energetic. This 
energy, directed on to a material, 
will quickly melt the latter. This 
method is being used for the melting 


and refining of metals such as 
tungsten, tantalum, molybdenum and 
niobium, which are normally highly 
refractory. The melting is done 
under pressures of 10° torr., and 
impurities are rigidly excluded. This 
new technique has a great future, 
and the number of furnaces making 
use of this idea will certainly expand 
rapidly. 


* * * 


Fusion of metals reminds me of 
the fusion of nuclei, and of ZETA. 
The news that the UKAEA hopes to 
develop a 175-acre site at Culham, 
Oxfordshire, for work on thermo- 
nuclear fusion need come as no sur- 
prise. When the big burst of 
enthusiasm over ZETA came, it was 
generally felt that the timing, influ- 
enced by American commitments, 
was poorly judged. ZETA could 
have been publicized earlier, when 
the British lead would have been 
made even clearer. Or it could have 
been delayed until there was more 
assurance among the Harwell scien- 
tists that ZETA was, in fact, capable 
of producing a nuclear fusion. Since 
that somewhat damp squib, it has 
been well known that the ZETA 
team had plans for stepping up the 
size of the ZETA project. The size 
of the new installation, together with 
the need for new approaches to the 
question of nuclear fusion, made it 
imperative that new premises be 
found, and a separate establishment 
seemed to be called for. Now it 
looks as if Culham is to be the 
answer. 


* * * 


With nuclear power and atomic 
weapons all too much in the public 
eye, the medical applications of the 
atom are too easily overlooked. It is 
encouraging, then, to know that the 
biomedical research institute of the 
U.S. Army’s Walter Reed Hospital, 
in Washington, is to be enlarged. Its 
reactor is at present the only one in 
the U.S.A. to be entirely devoted to 
medical work, and the centre has 
facilities for isotope production, 
therapy, diagnosis, and research. 
There is a special room in which 
neutron irradiation can be carried 
out with freedom from gamma rays. 
It is somewhat irritating to read of 
these fine facilities being provided 
when in Britain there has been 
singularly little development of hos- 
pitals since the last war. 
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TOMIC ENERGY OF CANADA 
Ltd., are to build a new nuclear energy 
research and development centre in Mani- 
toba, according to Canadian Minister of 
Trade and Commerce, Gordon Churchill. 
Canada’s only other nuclear research centre 
is the Chalk River establishment of AECL 
on the Ottawa River, about 150 miles west- 
north-west of Ottawa. The government- 
owned company, however, has a Nuclear 
Power Plant Division in Toronto and a 
Commercial Products Division in Ottawa. 
The directors and management of Atomic 
Energy of Canada Ltd., have recommended 
to the Federal Government that, to permit 
the Chalk River centre to operate at its 
maximum efficiency, ihe centre should not 
continue to expand. Among the major 
facilities at Chalk River are four research 
reactors including the NRX and NRU 
reactors, particle accelerators and chemical 
and metallurgical plants. The number of 
workers nears 2,500. Over the next 25 years 
the research and development effort in the 
field of nuclear energy must expand if 
Canada is to maintain its position as one of 
the leading atomic energy nations. During 
this period several new major research 
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and development facilities will have to be 
built. Preliminary discussions have been 
held with the Manitoba Government and 
it is expected that site surveys will be carried 
out in Manitoba within the next few months, 
and a site selected by early 1960. The con- 
struction of buildings and laboratories, 
and the installation of equipment and 
technical services at the site, will start with 
the next major project to be undertaken by 
AEC in the research and development 
field. This may be an_ organic-cooled, 
natural uranium-fuelled, heavy  water- 
moderated power reactor experiment in 
about two years’ time. 


Data Collaboration 


A  EUROPEAN-AMERICAN Nuclear 
Data Committee has been set up by the 
European Nuclear Energy Agency, in 
agreement with Euratom, the United States 
of America and Canada, to assure collabora- 
tion among OEEC member and associate 
countries in the measurement of nuclear 
properties. The Committee will be pri- 
marily concerned with nuclear cross- 
sections measurements and other basic 


Reactor Centrum Nederland 


Aerial view of the re- 
search centre of the 
Dutch nuclear research 
association, Reactor 
Centrum Nederland, at 
Petten, near Amsterdam, 
with the 20MW re- 
search reactor supplied 
by ACF Industries, of 
New York, nearly 
completed 
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data essential for the technical development 
of nuclear energy. The Committee is to 
consist of 13 experts from the United 
States, Canada, the United Kingdom, the 
Euratom and other OEEC countries. Its 
operations will be in accordance with 
existing bilateral agreements. 


Underground Tests 


THE Atomic Energy Authority are to 
carry Out a series of conventional explosive 
tests in a lead mine at Glenridding, West- 
morland, for the purpose of providing 
information on the detectability of under- 
ground nuclear explosions. They will 
supplement the tests being undertaken in an 
old tin mine at Callington, Cornwall. 
Up to 5 tons of explosives will be detonated 
at a time at Greenside and 1,000 ft below 
ground level. Precautions will be taken to 
prevent surface disturbance or damage. 


INSTITUTION OF 
NUCLEAR ENGINEERS 


A Finance and General Purposes 
Committee of the Institution of 
Nuclear Engineers has been formed 
under the chairmanship of Mr. F. 
L. Coombs, LLB, AMIEE. Among 
its responsibilities will be the con- 
sideration of applications for mem- 
bership to the Institution and one 
of its first tasks will be the formu- 
lation of examinations for applicants 
whom they consider do not possess 
the necessary qualifications for 
membership. Members of any of the 
senior professional engineering Insti- 
tutions and/or holders of University 
degrees will normally qualify for 
membership without examination. 


More Core Ghores 


WESTINGHOUSE Electric International 
Co., is expanding its nuclear core manufac- 
turing laboratories in order to provide 
additional development and production 
facilities for reactor fuel elements and core 
components. An additional facility is near- 
ing completion which will house a newly 
formed group—the Nuclear Components 
Development Laboratory. This will be 
available to industrial and government 
customers for evaluation programmes and 
to conduct pilot and full production of 
nuclear fuels and materials. Initial work 
will be directed at improving uranium oxide 
fuel element fabrication and uranium alloy 
fuels clad in such materials as zirconium, 
aluminium, niobium, molybdenum and 
stainless steel. 
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S.1.M.A. may hold Moscow Show 
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Members of the Scientific Instrument Manufacturers’ Association of Great Britain who 

recently visited Moscow to discuss the possibilities of holding an exhibition of British 

equipment in the Russian capital this summer. (Leff to right) Mr. H. D. Binyon, of 

Solartron, Mr. L. A. Woodhead, of Cossor Instruments and SIMA president, Mr. C. F. 
Hamill, of Hilger and Watts, and Mr. K. A. McDonald, of Unicam 


Radiation Bill 


IN order to ensure that the widening use 
of radioactive materials does not expose 
the public to dangerous amounts of radio- 
activity the Government has decided to 
extend and unify the controls over the dis- 
charge of radioactive wastes. Previously, 
and apart from the arrangements applying 
to the Atomic Energy Authority, risks to 
public health have been avoided principally 
through co-operative arrangements between 
central and local government. On _ the 
advice of an expert panel, however, the 
Government proposes to revise the system. 
The recently introduced Radioactive Sub- 
stances Bill, provides that: (1) Temporary 
controls (which bring under the control of 
the Minister of Housing and Local Govern- 
ment and the Minister of Agriculture, 
Fisheries and Food—in Scotland, the 
Secretary of State—any discharge of radio- 
active wastes by the UKAEA and other 
licensed nuclear installations) will be made 
permanent; (2) Other users of radioactive 
materials will be obliged to register their 
premises with the appropriate Minister 
(in England and Wales the Minister of 
Housing and Local Government, and in 
Scotland, the Secretary of State); (3) No 
disposal of radioactive wastes will be per- 
mitted except on an authorization from the 
appropriate Minister or Ministers; and 
(4) The Minister of Housing and Local 
Government and the Secretary of State for 
Scotland will, in addition, have power to 
arrange a national disposal service to 
handle wastes which cannot safely be dealt 
with in the areas in which they originate. 


German Neutron Plant 


FOR use with their research reactor at 
Garching, near Munich, the Institute of 
Applied Physics of the Munich Technical 
University has commissioned a neutron 
diffraction plant designed by the Institute 
staff in co-operation with Maschinenfabrik 
Augsburg-Nurnberg. Of a standard design 
the plant can be adapted to suit any type of 
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reactor and to meet specific requirements: 
Consideration has been given to ensuring 
that the widest possible range of application 
is possible and it is for this reason that it 
has been equipped with a novel drive per- 
mitting automatic scanning of the neutrons 
scattered by the specimen in very small 
steps (up to 5 arc/min). The counting tube 
moves through an angle of 130° within a 
pre-set time limit which may be extended 
to as much as one month. Neutrons of 
equal length are produced by diffraction 
in a crystal arranged on the centre line of a 
rotary shield. 


U.K.A.E.A. Control Course 


THE third Reactor School course on the 
Control and Instrumentation of Reactors 
will take place from February Ist to 12th, 
1960, inclusive, and will be open to British 
and overseas students. It will be held at 
Durley Hall, Bournemouth, Hampshire. 
The course is primarily intended for those 
who have a direct interest in the control and 
instrumentation of nuclear reactors, and it 
will be assumed that participants have some 
knowledge of the basic principles of these 
subjects. The topics to be treated will 
include:—elementary reactor physics; re- 
vision of elementary reactor kinetics, con- 
trol and instrumentation; automatic control 
of reactors and nuclear power plants; 
application of computors; reactor transfer 
functions and function analysers; neutron 
counting equipment; neutron flux detectors; 
neutron flux scanning; radiation detectors 
and their siting in reactors; reactor safety 
circuits; conventional instrumentation; use 
of transistors in reactor instrumentation; 
burst slug detection; design of control 
mechanisms; spatial instabilities in reactors; 
date reduction problem on large reactors. 


In addition to the lectures there will be 
visits to zero energy and high flux research 
reactors and other relevant parts of the 
Harwell Establishment. There will also 
be a visit to the Atomic Energy Establish- 
ment, Winfrith. The fee for the course will 
be 50 guineas, exclusive of accommodation, 
and application forms, available from the 
Reactor School, must be returned by 11th 
December, 1959, to:—The Principal, Re- 
actor School, Atomic Energy Research 
Establishment, Harwell, Didcot. Berkshire. 
The fourth course on the Control and 
Instrumentation of Reactors will take place 
from May 23rd to June 3rd, 1960, inclusive, 
also to be held at Durley Hall, Bourne- 
mouth. 


A.G.R. Data Exchange 


THE United States Atomic Energy Com- 
mission and the United Kingdom Atomic 
Energy Authority have signed a five-year 
agreement to exchange technical informa- 
tion on advanced gas-cooled reactors. The 
exchange will be carried out under the 
terms of the U.S.-U.K. agreement for co- 
operation in the civil uses of atomic energy 
which has been in effect since 1955. Data 
will be exchanged on development, design, 
construction and operation, as well as on 
related research and development, of 
the advanced gas-cooled reactors being 
built at Windscale, England, and on the 
U.S. experimental reactor project of this 
type at the Oak Ridge National Laboratory. 


Correction 


In our November 1959 issue, the name 
of the author of ** The Power of a Heavy 
Water Reactor during an Emergency Shut- 
down” was incorrectly given as I. M. 
El-Ibiary. It should have been M. Y. 
El-Ibiary, BSc, PhD. We apologize to the 
author for any inconvenience this might 
have caused. 


In Nebraska 


The 75 MW sodium graphite reactor 
power plant under construction at 
Hallam, Nebraska, U.S.A. The plant is 
scheduled for completion in 1962. The 
reactor is being supplied by Atomics 
International 
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Weak Activity Test 


A LEADING member of the electronics 
division of the United Kingdom Atomic 
Energy Research Establishment, Harwell, 
has invented a device which permits very 
quick testing for weak radioactive con- 
tamination, such as might be found on the 
hands of personnel working with radio- 
active materials. The invention is based on 
the observation that, although the random 
nature of individual radioactive disintegra- 
tions requires that very many be counted 
if a statistically reliable measurement of 
radioactivity is needed, in cases where it is 
only required to find out whether or not 
the activity exceeds a set level, it is—in 
principle—only necessary to carry out a 
long count when the activity is close to this 
level. Sources which are much stronger or 
much weaker can—in principle—be dis- 
posed of by making a far less accurate 
measurement in a much shorter time. This 
can be achieved by applying the principle 
of sequential sampling, a technique used 
in production control. The method is 
to count the number of radioactive dis- 
integrations observed since the beginning 
of the counting period and to subtract 
continuously the number which would have 
been observed had the activity been exactly 
equal to the set level. The difference be- 
tween these two numbers grows con- 
tinuously and when it has attained a pre- 
determined value (positive or negative) the 
test is ended. The sign of the difference then 
shows whether the activity is greater or less 
than the set level. The more the activity 
differs from the set level the faster this 
difference is accumulated and the shorter 
is the time taken to complete the test. 
The electronic device which performs this 
function is called a difference integrator. 
It may take several forms. In one, each 
pulse due to a disintegration causes the 
charge on a capacitor to be increased by a 
known amount. At the same time charge is 
being continuously withdrawn from the 
capacitor at a rate corresponding to the 
set level of activity. When the net charge 
on the capacitor reaches a predetermined 
positive or negative value a “high” or 
**low”’ indicator operates and the test 
is ended. Another version uses a reversible 
pulse-counting device driven in one direction 
by the unknown pulses and in the other by 
pulses from a standard pulse source. 


System Engineering 


DE HAVILLAND PROPELLERS Ltd., 
who have produced the Firestreak infra-red 
guided missile carried as standard arma- 
ment by the latest R.A.F. and Naval fighter 
aircraft, and who are prime contractors for 
the British ballistic missile, Blue Streak, have 
formed a new group to apply their experience 
in system engineering to the development 
of equipment for the automatic control of 
industrial processes and manufacture of 
all kinds. The group has a great fund of 
practical knowledge to draw upon from 
within the company in such diverse and 
complex fields as advanced electronics, 
measuring techniques, dynamics analysis, 
hydraulic and pneumatic engineering and 
servo systems. The group will place 
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particular emphasis on the design of inte- 
grated systems, and here the comparatively 
new techniques of system engineering will 
be used, backed by digital computer in- 
vestigations where necessary, to produce 
the optimum design at any level of com- 
plexity. There are now many industries 
which can make use of automation and the 
system engineering group is already holding 
discussions with the engineering, oil refining, 
chemical, food, sugar, brewing and paper 
industries, and many others. The system 
engineering group will be located at Hat- 
field in its own premises adjacent to the 
propeller company’s head office. The 
technical team will consist of Mr. R. J. 
Perdue, Mr. M. James and Mr. R. A. 
Rubinstein. 


Submarine Order 


ALCO PRODUCTS Inc. have received an 
order for 10 stainless steel pressurizers for 
the U.S. Navy’s submarine nuclear-propul- 
sion programme. The pressurizers will be 
built for Westinghouse Electric Corporation 
for use in nuclear-powered submarines of 
the Skipjack class. Westinghouse designed 
and developed the nuclear reactor for the 
Skipjack under the direction of, and in 


‘technical co-operation with, the Naval 


Reactors Branch, U.S. Atomic Energy 
Commission. Delivery of the order by 
ALCO is expected to begin in February, 1960 
and be completed during the year. The 
fabrication work will be done at ALCO’s 
thermal products division plant in Dunkirk, 
New York. 


(Above) The 220 1b enriched uranium 
fuelled sodium cooled reactor SNAP-II, 
developed by Atomics International 
as it would look like inside a space 
satellite. The prototype of this reactor 
(below) was recently successfully oper- 
ated at full design power and tempera- 
ture. A smaller satellite reactor, SNAP- 
III, using polonium as fuel, was success- 
fully demonstrated last January by the 
Martin Co. 


LARGE GAS DUCTS 


(Continued from page 32) 


reactor vessel against unforeseen 
thrusts caused by errors in the erec- 
tion of the ductwork, differential 
settlement of the station foundations 
and maloperation of the plant. On 
the other hand bellows are specialized 
pieces of equipment. They are gener- 
ally highly stressed and, unless 
designed with care, can be a serious 
source of weakness in the pressure 
circuit. 

Expansion bellows are used in the 
ducts of all British gas-cooled reac- 
tors in service or under construction 
at the present time. 


(To be continued) 


In the paper on which this article 
is based, the authors acknowledge 
C. A. Parsons & Co., Ltd. for per- 
mission to make use of the detailed 
information. 
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Using U.K.’s ‘Know-How’ 
MORE and more scientists and technicians 
are coming from overseas countries to 
Britain for training in nuclear energy work 
by the United Kingdom Atomic Energy 
Authority, or to co-operate with Authority 
scientists in atomic research. Britain now 
has agreements to collaborate in the develop- 
ment of nuclear power and techniques with 
15 countries and one international organiza- 
tion. These are the United States, Israel, 
Japan, India, Australia, South Africa, 
Denmark, Norway, Sweden, Portugal, 
Belgium, the Netherlands, West Germany, 
France, Italy and EURATOM. In addition, 
Britain has always maintained the closest 
contact with the Canadian atomic energy 
programme. One of the major services 
Britain is providing is to make available 
the knowledge gained by her own experience. 
This is done in three schools: The Reactor 
School, at Harwell, which has trained 
1,777 students, including 450 from over- 
seas, since it started in September, 1954; 
The Calder Operations School, at Calder 
Hall, with 312 trainees in all since January, 
1957, including 115 from abroad; and 
The Isotope School, now at Wantage, with 
a total of 2,053 students of whom 747 were 
from abroad, trained since work began in 
April, 1951. Apart from training and 
collaboration attachments under the above 
agreements with Commonwealth and other 
countries, two major international pro- 
grammes are now being implemented in the 
U.K.: one is the International Atomic 
Energy Agency’s fellowship programme 
and the other the DRAGON Project. 
Under the first, the UKAEA has received 
or made arrangements to receive 62 Agency 
fellows. Under the DRAGON Project to 
build in concert with 11 European countries 
of the Organization for European Economic 
Co-operation a 10 MW (heat) prototype 
high temperature gas-cooled reactor, large 
numbers of expert staff have been arriving 
at Winfrith in Dorset since mid-September. 


Accelerator Projects 


THREE new types of accelerators have been 
developed by the High Voltage Engineering 
Corporation to cover industrial power 
requirements ranging from 10 kW to 1,000 
kW. The first, an insulated core trans- 
former accelerator, utilizes a segmented 
magnetic core which allows large voltage 
build-ups in the secondary windings of each 
segment without the requirement for high 
voltage insulation between winding and 
core, which is the limitation of conventional 
transformers. Each core segment, with 
associated windings and rectifier, is a 
compact d.c. power supply capable of 
delivering 30kV and 40 milliamperes of 
current. Voltage addition is obtained by 
distributed series capacitance between core 
segments. The overall efficiency of power 
conversion is about 90 per cent. A proto- 
type utilizing this principle has been con- 
structed and is now under test at HVEC’s 
Burlington plant. This type of accelerator 
has the potential for delivering up to a 
megawatt of power. The generator can also 
be used to accelerate intense currents of 
positive ions for ion-plasma fusion studies 
or other research. Another type of electro- 
magnetic voltage generator developed by 
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high voltage is the ‘ transmission line ” 
accelerator. It is described as an inherently 
simple device for obtaining over 20 milli- 
amperes average beam current in the power 
range of 10kW to 75 kW, depending on 
energy range. A prototype is being con- 
structed. Power efficiency is expected to be 
over 80 per cent. A third type, the multiple 
disc accelerator is analogous to the Van de 
Graaff accelerator in that voltage is gener- 
ated electrostatically. Its expected power 
range is 25 kW to 100 kW. The first model 
is being constructed to deliver 15 to 25 
milliamperes at 1.5 MeV. Principles involved 
may also be used to develop machines for 
propulsion of space vehicles by means of 
ion thrust. 


Take-Over by H. & W. 


HILGER & WATTS have acquired the 
whole of the issued share capital of The 
Infra-Red Development Co., Ltd., Welwyn 
Garden City. IRD Ltd., was founded in 
1946 and specializes in the analysis of gases 


UCLEAR 


EWS 


by non-dispersive infra-red techniques, 
primarily for industrial purposes. From 
the start, the firm has been under the 
technical control and management of Mr. 
W. B. Bartley, who will remain managing 
director. It will continue to operate at its 
works and offices in Welwyn Garden City 
and will continue to develop and manu- 
facture the gas analysers on which it has 
built its reputation. 


N-Briefs 


Plessey Nucleonics Ltd., of Northampton, 
are to supply burst slug detection equipment 
for the UKAEA’s Advanced Gas Cooled 
Reactor under construction at Windscale. 

* * * 


The first uranium supply transaction to 
be carried out by the International Atomic 
Energy Agency has been concluded. Under 
it Japan has received 3,042 kg of natural 
uranium for $U.S.107,991. 


* * * 


Oak Ridge National Laboratory are to 
build in 1960, a pilot plant for the reprocess- 
ing of power reactor fuel elements. It will 
take about a year to build and cost about 
$4,750,000. 


* * * 


The Birmingham office of Keith Black- 
man Ltd., has been moved from New 
Street, to 1651, Pershore Road, Birmingham, 
30. Telephone number is Kings Norton 
4151/2. 

* * * 

Rio Tinto and Dow Chemi AG, the 
Swiss subsidiary of the Dow Chemical 
Co., have jointly acquired the share capital 
of Thorium Ltd., from ICI Ltd., and 
Howards and Sons Ltd. 


Associated Electrical Industries Ltd., are 
to supply the CEGB with 275 kV air-blast 
switchgear to control the output of the 
Trawsfynydd nuclear power station. Value 
of the contract is £900,000. 

Ok * * 


The South East London Technical 
College is holding a course of ten evening 
lectures on “Linear and Non-Linear 
Sevo Control Systems” starting from 
January 20th. 

* * * 


Dounreay fast breeder reactor went 
critical recently. It will go through a 
period of low power operation for a few 
months, followed by a _ shut-down for 
possible modifications. 

* * * 


Argonne National Laboratory are to 
add a 10MeV tandem Van de Graaff 
particle accelerator to their physics equip- 
ment. It will be supplied by the High 
Voltage Engineering Corporation and will 
cost 

* 


Sir John Cockcroft, OM, FRS, is to 
preside at the Radiation section of the 
Health Congress to be held at Torquay, 
April 25th to 29th, 1960. Organizers of 
the Congress are the Royal Society of 
Health. 

* * 

Isotopes Developments Ltd., of Alder- 
maston, have just completed a tour of 
European countries with their mobile 
demonstration unit. Universities, research 
centres, hospitals and industrial organiza- 
tions were visited. 

* * * 


** More Power from the Atom,” ** Radio- 
isotopes in Industry,” and ** Metals of the 
Nuclear Age,” three UKAEA films, won 
awards at the recent International Festival 
of Technical, Industrial and Agricultural 
Films, Rouen, France. 

oe * * 


Laurence, Scott and Electromotors Ltd., 
would like to hear from ex-apprentices 
for the purpose of arranging a reunion 
during the 1960 Electrical Engineers 
Exhibition. They are asked either to 
write to Mr. W. F. Symes at Gothic Works, 
Norwich, or to telephone Mr. T. J. Bar- 
field, Temple Bar 5223. 


* * * 


British Thomson-Houston Co., Ltd., 
Metropolitan-Vickers Electrical Co., Ltd., 
and Siemens Edison Swan Ltd., from 
January Ist, 1960, onwards will be known 
as Associated Electrical Industries (Rugby) 
Ltd., Associated Electrical Industries 
(Manchester) Ltd., and Associated Elec- 
trical Industries (Woolwich) Ltd., 
respectively. 


* * * 


The Hawker Siddeley Nuclear Power Co., 
Ltd., are to supply the UKAEA with a 
reactor based on their JASON, the proto- 
type of which was recently inaugurated 
by Sir John Cockcroft. The UKAEA 
reactor, to be installed at the Winfrith 
Atomic Energy Establishment, will be 
known as NESTOR (Nestor was one 
of the Argonauts led by Jason in the quest 
for the Golden Fleece) and will cost about 
£50,000. 
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BOILER & 
OIL FEED 
METERS 


Capacities, flows and pressures 
for all industrial requirements. 


Guaranteed accuracy +/— 2%. 
BOSTON MARINE & GENERAL ENGINEERING CO. LTD. 


(Dept. NE) VICEROY WORKS, LOW FIELDS ROAD, LEEDS 12. Tel. 3-426! 


APPOINTMENTS 


DRAUGHTSMAN (H & V), knowledge of electrical work an 
advantage. Consulting Engineers. Five day week, L.V. State 
age, wage and experience. Box No. 1026, NUCLEAR ENERGY 
147, Victoria Street, Westminster, S.W.1. 


PROTOTYPES 
Design and Construction of Special Machinery 


RESEARCH ENGINEERS LTD. 


Northampton Grove, Canonbury, London, N.1 
CANonbury 4244 Wilmaket, Nordo, London 


TEMPERATURES 
AND DEGREE DAYS 


A handy pocket size booklet 
containing daily temperatures, 
humidity data and degree 
days for the heating season 
1958/59. 


This comprehensive booklet 
is available to all Heating 
and Air Treatment Engineers. 


Price ||- Post free 


from 


‘Heating and Air Treatment Engineer ”’ 


Book Department, 
147 Victoria Street, London, S.W.1. 


Bullt in the 
TYPE 4 system of 
Component Construction 


Office expansion is a continuing problem for 
both small and large industrial companies especi- 
ally when capital costs and completion dates are 
of first importance. The answer is TYPE 4 the 
new range of low cost timber buildings which are 
immediately available and capable of fast 
erection. 


TYPE 4 has a structural module of 6’ 4” 
and buildings can be any number of modules 
in length and 2, 3 or 4 modules wide. The 
internal layout can be planned to suit 
individual requirements, walls can be placed 
off grid to permit a wide variety of room 
and corridor sizes. It is particularly suitable 
for Dormitories, Club Rooms and Pavilions. 


TYPE 4 can be supplied completely transportable with 
95% recoverability. Erection is simple and carried out 
with unskilled labour. 


Write for Illustrated Brochure . Design Sheet and Price List 


Drawing Office 


interior at 


LITCHURCH GAS WORKS 


for the 


East Midlands Gas Board 


TIMBER BUILDINGS DIVISION 
LANGLEY MILL: NOTTINGHAM 
Telephone Langley Mill 2301-7 
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ISOTAPES for Pipe Tracing... | 


Flexible Electric Heating Tapes 


Isotapes have been specially designed to maintain 
at elevated temperatures, pipes carrying fuel oil, 
bitumen, chemicals and food products. Available 
in lengths ranging from Ift. 6in. to 290ft., lsotapes 
7% provide a choice of loadings from 5 to 40 watt. per 
@ foot—for any heating or compensating duty. They 
“are easily and quickly applied with terminations 
at one end. 


Latest catalogue fully documenting all 
surface heating units is yours on request. 


ISOPAD LIMITED, Barnet By-Pass, Boreham Wood, Herts. 
Phone: ELStree 2817/8/9 


PRINCES PRESS LIMITED, 147 VICTORIA STREET, S.W.1 


Physics is part of your life. You 
cannot get away from it. Whether 
you are a poet or photographer, a 
theologian or telegraphist, a baritone 
or a bus-driver, a knowledge of this 
subject will enrich you. 


Size of the Book 84 in. x 54 in. and is 
in blue cloth. 560 pages with 123 
diagrams. Send 63/- (which includes 
postage) for immediate attention 


Printed and Published by Princes Press, Ltd., 147, Victoria Street, Westminster, S.W.1. 


Conditions of Sale and Supply.—This periodical is sold subject to the following conditions, namely, that it shall not, without the written permission of the publishers first 
given, be lent, resold, hired out or otherwise disposed of by way of trade except at the full retail, price of three shillings and sixpence. and that it shall not be lent, resold, 
hired out or otherwise disposed of in a ilated cond or in any unauthorised cover by way of trade; or affixed to or as part of any publication or advertising, literary or 
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PEXIOR 


REGISTERED 


On guard, and constantly ready to fight against corrosion in boilers or steam raising plant 
is Apexior No. 1. 


Applied as a thin film to surfaces which encounter water or steam temperatures between 
170°—1000°F., Apexior No. | is an effective, low cost protection for expensive boiler plant. 
It cuts corrosion to an absolute minimum; reduces scale formation. Any scale which 
forms can be easily and speedily removed without danger of damage to plant as it is 
non-adherent. 


Other advantages come with Apexior No. 1: heat transmission is improved; and since 
Apexior is an inert coating, feed water is left completely free from discolouration or con- 
tamination. Keep step with industry to-day—be boiler wise and Apexiorise. 


For full information on all aspects of Apexior No. 1 write for Booklet ‘* Preventing Boiler 
Corrosion. ” 


“‘Apexior” is being used at Stations throughout the U.K. Atomic Energy Authority. 


BRITISH PAINTS LIMITED Apexior Division 


Portland Road, Newcastle upon Tyne 2 
London Liverpool Sydney Adelaide Durban Cape Town Calcutta Trinidad New York Dublin 
OUR WORLD-WIDE SERVICE IS AT YOUR DISPOSAL FOR THE ASKING 
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